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Despite the body of research that demonstrates the effects of Neurologic Music 
Therapy (NMT) sensorimotor techniques for adults with neurological conditions, little is 
known about their impact on both adults and children living with an acquired brain injury 
(ABI). Furthermore, little attention is given to mood related sequalae in NMT research.  
The aim of this study is to assess the benefit of a combination of sensorimotor 
techniques to improve selected spatiotemporal gait parameters and mood of participants. The 
hypothesis is that it is possible to support both gait and mood for adults and children who had 
an acquired brain injury through NMT techniques and personally preferred music.  
Twelve participants in a rehabilitation hospital were recruited and assigned to a group 
within a multiple-baseline single case design. The three techniques, rhythmic auditory 
stimulation, patterned sensory enhancement and therapeutic instrumental music performance 
were used in each session. Weekly timed 10m walk tests and mood scales were completed by 
participants. Participants’ perceptions were recorded in a survey post treatment, and video 
analysis was conducted by clinical specialists in ABI.  
Results from the quantitative aspect demonstrate significant increases in velocity and 
stride length. Effect size suggests a large reduction in anxiety. Findings from thematic 
analysis of participant feedback and video analysis reveal that music therapy may improve 
mood while enhancing gait speed and quality and may also increase motivation and 
engagement levels. Furthermore, findings highlight the unique goal areas that can be 
supported through NMT, particularly in relation to activities of daily living. Small sample 
size indicates further research is warranted. However, this study concludes that both gait and 
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This chapter introduces the focus of this doctoral thesis. It provides an overview of 
the key aspects of the research, the context in which it is situated and the central aims and 
objectives that it seeks to fulfil. The focus of this research is centred on music therapy and 
acquired brain injury in the neurorehabilitation setting.  
Acquired Brain Injury 
Acquired brain injury (ABI) is defined as “damage to the brain, which occurs after 
birth and is not related to a congenital or a degenerative disease.  These impairments may be 
temporary or permanent and cause physical, functional disability, or psychosocial 
maladjustment” (Patil et al., 2017). Teasell et al. (2007) define ABI as “damage to the brain 
that occurs after birth and which is not related to congenital disorders, developmental 
disabilities, or processes that progressively damage the brain.” Most definitions of ABI make 
it clear that it is a term that encompasses a broad range of negative consequences. ABI 
generally occurs following trauma (head injury; removal of tumour), vascular accident 
(stroke), cerebral anoxia, other toxic or metabolic insult and infection (Magee, 2009).   
ABI is typically categorised into two groups, traumatic brain injury (TBI) and non-
traumatic brain injury, which are both relevant to this study. This complex acquired and non-
progressive neurological condition may follow a TBI, stroke, brain haemorrhage and other 
neurological conditions. The severity of an ABI is classified in terms of mild, moderate or 
severe depending on the length of time an individual was unconscious and their level of 
altered consciousness following their injury (Teasell et al., 2007). The causes of the acquired 
neurological disabilities associated with ABI are described in detail in the literature review. 
All categories of ABI are relevant to this study, and people who have had a TBI, stroke, 
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haemorrhage, tumour or other neurological cause of brain injury are suitable for inclusion in 
the music therapy treatment programme.  
The majority of ABIs are caused by TBI and stroke, and consequently much of the 
available statistics report the epidemiology of TBI and stroke.  
TBI is a leading cause of death and disability globally, and its incidence is rising, with 
proper access to care seriously lacking in many parts of the world (Lancet, 2017). The WHO 
state that it is the leading cause of death and disability in children and young adults globally 
and considers it a “critical health problem” and is the leading cause of disability in those aged 
40 and under (WHO, 2016). The annual incidence of disability following a TBI is estimated 
to be 100 per 100,000 (WHO, 2006).  
In the EU, there is an estimated 1.5 million TBI-related hospital admissions each year 
(Majdan et al., 2017). While there are no current official Irish statistics available for brain 
injury, Headway Ireland (2019) estimate between 9,000 and 11,000 people sustain a TBI each 
year while 8,000 people are diagnosed with a stroke. More detail on the epidemiology of ABI 
is provided in the literature review.  
Stroke is a leading cause of death and disability globally each year (Lancet 
Neurology, 2019). According to the World Stroke Organisation (WSO), there were 13.6 
million new stroke cases in 2016 (Lindsay et al., 2019). Approximately 10,000 people 
experience a stroke annually in Ireland (Horgan et al., 2016). Up to 59,000 are estimated to 
survive while 30,000 of these experience long-term impairments as a result (Horgan et al., 
2016).  
Increasing numbers of people affected by ABI on an annual basis highlight the need 
for increased research output, not only in preventative measures, but also in effective 




The present study is situated in the field of music therapy and seeks to investigate the 
efficacy of specific clinical techniques on the gait and mood-related outcomes for adults and 
children who are living with an ABI in a specialist rehabilitation facility. The clinical aspect 
was conducted in the only dedicated rehabilitation hospital in Ireland and was therefore 
selected as the optimal location in which to base this study. This research seeks to establish 
whether it is feasible to address and improve people’s gait and mood-related outcomes 
simultaneously within one-to-one sessions following an ABI.  
There is a growing body of research that demonstrates the efficacy of music therapy 
techniques in neurorehabilitation settings (Le Perf et al., 2019; Magee et al., 2017; Magee, 
2009; Gilbertson & Aldridge, 2008). In relation to gait in particular, external rhythmic cueing 
is an aspect of music therapy that has demonstrated promising results in improving the gait 
parameters of people who are living with neurological conditions.  
This study is rooted in the strand of music therapy known as Neurologic Music 
Therapy (NMT), developed by neuroscientist and musician, Professor Michael Thaut during 
the 1990s. All techniques in NMT are developed from evidence in neuroscience that 
demonstrates the impact of both the perception and production of music on brain processes. 
The protocol for each technique employs music-based methods to retrain non-musical 
behaviours.  
As well as assessing the effects of NMT techniques on gait, this study also seeks to 
assess the impact it may have on people’s mood following an ABI. There is a significant 
body of extant literature describing the benefits of listening to and engaging in music therapy 
and music activities to achieve mood-related goals following an ABI.  
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 NMT is a strand of music therapy and therefore, the terms music therapy and NMT 
are used interchangeably throughout this thesis.  
Study Aims and Objectives 
The overarching aim of this research was to provide evidence for the use of specific 
NMT techniques and their impact on gait and mood for adults and children following an ABI.  
The specific objectives are: 
• To review existing literature relating to current practices for the rehabilitation of gait 
and mood-related sequelae following an ABI 
• To specify the methodology used to assess the impact of the NMT sensorimotor 
techniques within individual music therapy sessions in a specialist rehabilitation 
hospital 
• To recruit suitable participants to take part in the NMT programme who are working 
towards physical and mood-related goals 
• To record the effects of the NMT techniques over a 6-8-week period by establishing 
baseline measures before music therapy was applied, and before and after music 
therapy sessions during the treatment phase 
• To elicit the perceptions of participants regarding their experience of the NMT 
treatment programme and its impact on their physical and mood-related goals 
• To elicit the perceptions of clinical specialist physiotherapists regarding the efficacy 
of NMT in achieving outcomes related to gait parameters 
Rationale and Contribution to the Field 
This study seeks to add to the field by building upon the growing evidence base for 
music therapy in neurorehabilitation. Magee (2007) assesses the referral patterns within the 
neurorehabilitation setting over a two-year period where only 5.5% of referrals to music 
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therapy were for physical rehabilitation purposes. This figure appears low considering 
mounting evidence for the potential impact of music to facilitate functional goals.  
The significance of neuroplasticity in regaining and retraining lost functions in the 
rehabilitation process is widely documented (Smith & Stinear, 2016). There is increasing 
evidence that supports the application of music to promote neuroplasticity, a re-routing of 
neural pathways between brain regions that can support the retraining of functions that may 
have been lost through injury (Stegemöller, 2014).  
There is a strong evidence base from the field of neuroscience that demonstrates the 
potential for rhythm to assist in the physical rehabilitation for people with a neurological 
condition (Thaut et al., 2015). NMT utilises this principle within its three sensorimotor 
techniques rhythmic auditory stimulation (RAS), patterned sensory enhancement (PSE) and 
therapeutic instrumental music performance (TIMP). A recent Cochrane review by Magee et 
al. (2017) reports positive results relating to RAS in gait training for people following an 
ABI. The present study seeks to combine all three techniques to support not only the selected 
spatiotemporal gait parameters for participants, but also to improve mood through the 
incorporation of personally selected and preferred music. While there is a substantial body of 
research to promote NMT techniques for movement, there is a noticeable dearth in the 
literature that explores the potential impact that these techniques can have on people’s mood 
following an injury. This research presents a hypothesis that it may be possible to 
simultaneously improve both the physical and mood-related sequelae for people living with 
an ABI.  
The three techniques mentioned above were previously combined with an adult 
population with Parkinson’s Disease (Bukowska et al., 2016). This study seeks to do the 
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same with both adults and children following an ABI as well as the additional mood 
component.  
There is a large body of extant evidence to support music therapy in facilitating 
mood-related sequelae for people with an ABI (Säräkämö et al., 2008). However, much of the 
literature refers to listening to music and does not explicate the specific techniques employed 
within sessions. There is strong evidence that contends that personally selected, preferred 
music has the most positive impact on mood (Moore, 2013). This is promising for the 
hypothesis of the present study and suggests that by offering participants a choice in the 
selection of preferred music that both the physical and mood elements may be improved 
concurrently.  
As stated, this research includes both adults and children. While the evidence base in 
the neurorehabilitation field is substantial in relation to adults, there is comparatively a 
significant dearth of relevant literature in relation to children. This trend is evident not only 
within the field of music therapy, but also in the physiotherapy and psychology research. 
Thesis Outline 
This thesis is presented in eight chapters in total, including this introductory chapter. 
The literature review is presented in two parts in chapters two and three. Chapter two presents 
the sequelae associated with ABI. It also reviews the traditional approaches to gait training 
within physiotherapy and the mood-related approaches within psychology that are typically 
employed in neurorehabilitation settings. Chapter three introduces NMT and the specific 
techniques used in the clinical aspect of the study. It highlights the neural impact of music on 
the brain processes associated with gait and with mood and emotion.  
The methodology is presented in chapters four and five. Chapter four comprises a 
detailed description of the philosophical underpinnings, worldview, theoretical lens and the 
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study design assumed by this research. Chapter five presents the specific methods undertaken 
in planning and conducting the study, as well as the analysis methods used.  
The quantitative results of the study are reported in chapter six, while chapter seven 






Literature Review: Epidemiology and Aetiology of ABI and Traditional Rehabilitation 
Approaches 
The literature review is divided into two chapters. This chapter presents the sequelae 
that people may experience across several aspects of their life following an ABI. 
Rehabilitation services and treatment approaches are reviewed, with emphasis on physical 
rehabilitation and mood-related treatment approaches, the primary focus of the present study.  
Chapter three presents the second part of the literature review and reviews the 
relevant literature in relation to music and brain processes, music therapy and Neurologic 
Music Therapy (NMT). 
The Epidemiology and Aetiology of ABI 
An ABI is generally caused by having a traumatic brain injury (TBI), stroke, 
haemorrhage, or other neurological condition. All are relevant to this study and individuals 
who have any kind of ABI and who fit the inclusion criteria were eligible to participate in this 
study. Therefore, the most common causes of ABI are outlined in this section.  
Traumatic Brain Injury 
In defining TBI, the WHO (2006) states that: 
If the head is hit by an external mechanical force, the brain will be displaced inside 
the skull and can be injured against the solid meningeal membrane, the dura, or 
against the inside of the neurocranium. Acceleration and deceleration forces may 
disrupt the nervous tissue and blood vessels of the brain (WHO, 2006).  
Road traffic accidents, falls, assaults, sports injuries or an object penetrating the skull 
are the most reported causes of TBI. TBI may include one or more of the following: Burst 
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blood vessels inside the skull, resulting in bruises or bleeding; swelling of the brain; a 
fractured skull; diffuse axonal injury (Daisley et al., 2009).  
Epidemiology of TBI 
TBI is often described as a “silent epidemic,” because while diagnosis can be obvious 
when superficial wounds are visible, not all cases of TBI will be so clear, and many will not 
display any superficial signs of injury (WHO, 2006). 
The WHO states that road traffic accidents are the number one cause of death among 
young people (15-29 years). There are almost 1.3 million deaths per year recorded due to 
road traffic accidents among all ages (Lancet, 2017). Injuries sustained as a result of road 
traffic accidents are currently the ninth leading cause of death globally but are predicted to 
rise to fifth place by 2030 if current trends continue (Lancet, 2017).  
Majdan et al. (2017) quantify the extent and impact of TBI on public health by 
calculating the years of life lost (YLLs) due to TBI in the EU, as opposed to simply stating 
the incidence and death rates. The study includes TBI in 16 EU countries for the year 2013. 
In that year, the 16 countries reported 17,049 TBI-related deaths, which, when life 
expectancy is taken into consideration, amounts to 374,646 YLLs (Majdan et al., 2017, p. 2). 
This study also highlights the prevalence amongst men, with 76% of YLLs representing those 
of males. Falls and road traffic accidents make up most of the TBI-related deaths in 2013, and 
1.3 million YLLs due to TBI are estimated for the entire EU in 2013 (Majdan et al., 2017). 
There are around 57,000 TBI-related deaths in the EU each year, and around 1.5 million TBI-
related hospital admissions (Majdan et al., 2017).  
Similar trends are reported in the US for the same year, 2013, by Taylor et al. (2017). 
This study compares figures from 2007 with those from 2013. In 2013, there were 2.5 million 
emergency department visits relating to TBI, while an additional 282,000 people were 
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hospitalised due to TBI, with 56,000 TBI-related deaths recorded (Taylor et al., 2017). 
Greater prevalence is also reported amongst males in this study.  
TBI Ireland 
A recent Irish study reviews the epidemiology of TBI in Ireland between 2008 and 
2013 (Owens et al., 2018). Trauma is reported as the leading cause of death in Ireland among 
people under the age of 45. TBI occurs in a quarter of polytrauma cases and accounts for 
most trauma-related deaths (Owens et al., 2018). Moreover, for every trauma mortality 
recorded, more than two people survive and experience significant disability. In the Galway-
based clinic, in which this study is based, 690 people presented with TBI between 2008 and 
2013, with 213 of those hospitalised for over 48 hours (Owens et al., 2018, p. 901). Falls 
were the leading cause of injury (56%). Of the 213 people admitted to the hospital over the 
six-year period, 4158 bed days were used, with over 53% of people staying longer than two 
weeks, while 16 people died (Owens et al., 2018, p. 903). Consistent with the findings of the 
global and EU-wide studies, males contributed to 61% of TBI incidence in Ireland in the 
period between 2008 and 2013. Owens et al. (2018) suggest that this trend may be due to 
biochemical and hormonal differences as well as neuroanatomical and neurochemical 
differences that could result in more risk-taking behaviour in males over females (Owens et 
al., 2018, p. 903).  
Stroke 
“In general terms, stroke is a sudden neurological deficit owing to localized brain 
ischaemia or haemorrhage” (WHO, 2006). Strokes occur when a blood vessel in or around 
the brain bursts or is blocked, resulting in damaged brain cells.  
Ischaemic strokes are the most prevalent type and make up approximately 85% of 
cases (Headway Ireland, 2019). It is caused when a blood vessel supplying the brain becomes 
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blocked by a narrowing or hardening of the arteries. This is called atherosclerosis. Ischaemic 
strokes may also occur when a blood clot forms in the heart and travels up to the brain. This 
can happen as a result of a heart attack, problems with the heart valves or an irregular 
heartbeat. Drug use, traumatic injury to the neck or any illness that results in blood clotting 
easily can potentially lead to an ischaemic stroke.  
Epidemiology of Stroke 
Stroke is the second most common cause of death globally (WHO, 2006). The risk 
and incidence increase with age, with the highest rates of stroke in people aged 85 and above, 
with a marginally higher rate in men than in women (WHO, 2006). Around 5.54 million 
stroke-related deaths occur globally each year and is also a major cause of long-term 
disability (WHO, 2006). More than one-third of people who survive a stroke will have a 
severe disability, with approximately 60% expected to regain independence, 75% expected to 
walk independently and 20% who will require institutional care (WHO, 2006). Stroke causes 
an estimated loss of 49 million disability adjusted life years (DALYs) globally each year. 
Feigin et al. (2014) reviewed the global burden of stroke between 1990 and 2010, using data 
from 119 studies, including 58 from high income countries and 61 from low income and 
middle-income countries. In 2010, there were 16.9 million with first stroke (68% increase), 
33 million stroke survivors (84% increase), 5.9 million stroke-related deaths (26% increase) 
and 102 million disability adjusted loss of years (DALYs) (12% increase), all significantly 
increased since 1990 (Feigin et al., 2014). In 2010, 71.7% of DALYs were the result of a 
stroke in people under 75 years old (Feigin et al., 2014). In 2010 alone, 10% of all deaths 
were the result of stroke, while 4% of DALYs were stroke related. Over 83,000 stroke 




A brain haemorrhage occurs when there is bleeding in or around the brain due to a 
burst blood vessel. They make up about 15% of strokes. There are two main types. A 
subarachnoid haemorrhage occurs when a vessel bursts in the area between the brain and its 
protective layers, the meninges, an area known as the subarachnoid space (Headway, 2019). 
An intracerebral haemorrhage occurs when there is a bleed within the brain itself, and can be 
caused by hypertension (uncontrolled high blood pressure); an abnormal tangle of blood 
vessels that can potentially burst, known as an arteriovenous malformation (AVM); an 
aneurism (a weak spot on an artery that has bulged out). An aneurism is thin and weak from 
being stretched and therefore can easily burst; poorly controlled anticoagulant medications; 
illegal drugs (Headway, 2019). A TBI can also cause a brain haemorrhage.  
Other Neurological Conditions 
Tumours 
Tumours are abnormal growths of cells that can cause swelling, affecting the blood 
and oxygen supply to the brain. A brain injury can result not only from the tumour itself, but 
also from treatments such as chemotherapy, radiation or surgery used to treat them. 
Infection 
Infections of the brain or the spinal cord can cause inflammation to such a degree that 
it may result in a brain injury (Headway, 2019). Meningitis, for example is the inflammation 
of the meninges, the protective layers around the brain. Encephalitis is the inflammation of 
the brain itself. This can cause damage to brain cells and their ability to function. 
Anoxia and Hypoxia 
A brain injury can be caused by a total lack of oxygen to the brain, anoxia, or a partial 
lack of oxygen to the brain, hypoxia. If the oxygen supply to the brain is significantly reduced 
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for four minutes or longer, brain cells begin to die. After five minutes, this can cause a 
permanent brain injury. The greater the loss of oxygen, the more serious and widespread the 
brain injury. Lack of oxygen can be caused by incidents such as a heart attack, a severely 
irregular heartbeat, choking, carbon-dioxide poisoning, poisoning, suffocation, electrocution, 
drug overdose, or near drowning (Headway, 2019). 
Summary of Epidemiology and Aetiology 
The specific aetiologies associated with ABI, all of which are relevant to the present 
study, are outlined in the sections above. The prevalence of the condition is also discussed, 
with the available figures relating primarily to TBI and stroke. It is clear that ABI is a 
significant health problem with growing numbers of people experiencing significant 
impairments as a result, and thereby increasing disability adjusted loss of years.  
Just as there are several causes of brain injury, there is also a wide range of complex 
impairments associated with them. The present study seeks to assess the impact of an NMT 
treatment programme with adults and children. Just as there are several types and levels of 
severity of ABI, the long-term impact that this heterogenous condition may have on a 
person’s life is potentially catastrophic. The following section seeks to review the existing 
literature base that examines the effects and impact of an ABI on a person’s life.  
Long-Term Sequelae of ABI 
ABI can result in multiple negative outcomes and is associated with deficits in or a 
loss of pre-morbid skills within the physical, psychological, communicative, cognitive and 
social domains. Symptoms and outcomes vary greatly depending on the severity of the injury 
and a person’s age at the time of injury. This section seeks to outline existing literature that 
details the impact that an ABI can potentially have on a person.  
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An ABI may result in significant changes in the quality of life (QOL) and activities of 
daily living (ADLs) for people following an injury. The National Institute of Health in the 
UK recognise the long-lasting effects for a person who is living with a TBI, describing the 
“dramatic change in the individual’s life course, profound disruption of the family… and 
costly lifetime expenses” (Anderson et al., 2012, p.1640).  
A significant proportion of ABI survivors require prolonged acute hospital care 
followed by long-term specialist rehabilitative care, after which they may experience long-
term physical, cognitive and psychological disorders (Stocchetti & Zanier, 2016). This in turn 
may affect relationships and can potentially impact on social, employment and economic 
factors. TBI survivors have a higher mortality rate than the average person (Stocchetti & 
Zanier, 2016). Moreover, TBI has been demonstrated to be a risk factor for dementia in later 
life (Stocchetti & Zanier, 2016). The present study’s focus is on wakeful states following ABI 
and does not include individuals who are in vegetative or minimally conscious states.  
A growing body of research suggests that outcomes following an ABI may change 
after greater periods of time following an injury. This change can either be in the direction of 
improvement or deterioration (Stocchetti & Zanier, 2016). A UK-based study reports that 
some physical, cognitive and emotional sequelae can be identified as late as two years post-
injury (Bell et al., 2018). Jacobsson & Lexell (2013) conducted a study with individuals who 
had survived a TBI to assess life satisfaction from six to fifteen years post-injury. In this 
study, 51 men and 16 women report significantly lower levels of life satisfaction several 
years after a TBI. 22% of participants report being dissatisfied, while 10% report being very 
dissatisfied with their physical and psychological health (Jacobsson & Lexell, 2013).  
Given the focus within the present study on physical rehabilitation, and in particular 
gait training, the section that follows examines the gait pathology associated with ABI.  
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Gait Pathology following ABI 
People’s ability to walk following an ABI is often seriously impaired and is one of the 
most debilitating sequelae as it affects several facets of their life, restricting their ability to 
live independently and to participate in everyday activities that they previously would have 
engaged in. Furthermore, there is an increased risk of falls following an injury and most of 
these falls are the result of a loss of balance while walking (Beyeart et al., 2015).  
This section aims to outline some of the specific ways in which an ABI can affect an 
individual’s gait performance. While there are commonalities, it is important to point out the 
heterogeneity associated with ABI, and what is true for one person may be quite different for 
the next. Before presenting the common gait deviations associated with ABI, it is essential to 
understand the processes involved in normal gait patterns.  
The Gait Cycle 
The gait cycle refers to the sequence that each limb repeats while walking. The gait 
cycle is made up of several sub-phases. The stance phase accounts for around 60% of the 
cycle, during which the foot is on the ground. The swing phase makes up 40% of the cycle, 
during which the foot is in the air (Thaut & Rice, 2014). Double support time refers to both 
feet being on the ground, and this occurs twice during the gait cycle. This phase of the cycle 
is the most stable, and therefore its duration tends to increase when there is an impairment. 
This enhances balance and stability, thus reducing the risk of falling (Thaut & Rice, 2014). 
Figure 1, taken from Thaut and Rice (2014, p.98) and Table 1 below illustrate and explain the 








The Gait Cycle 
 
Table 1 
Phases of the Gait Cycle  
Phase of Gait Description 
Initial contact 
 
Foot makes initial contact with the ground. This 
is typically a heel-strike in normal gait 
Loading response 
 
Weight is transferred to the outstretched leg and 
the foot is placed flat the ground  
Single-limb support 
 
• Mid stance 
 
• Terminal stance 
 
The body moves forward over a single limb 
until the opposite foot contacts the ground 
• The other foot lifts and the body moves 
directly over the stance limb 
• The body moves ahead of the stance 















• Terminal swing 
 
Foot is lifted from the ground and body weight 
is shifted to the other limb while the foot moves 
from behind to in front of the body 
• Second time in the cycle where there is 
double limb support. Weight is 
transferred to the other side and the toe 
lifts from the ground 
• Foot lifted from the ground; the knee 
moves to maximum flexion to help with 
foot clearance  
• Foot clears the ground 
• Knee extension in anticipation of heel-
strike 
 
While walking, the neural control system supports body weight, provides forward and 
lateral stability and maintains forward motion with each step (Beyeart et al., 2015). Each of 
the relevant body segments are linked by groups of muscles called modules, that are 
responsible for the coordination of muscles during walking and balancing (Beyeart et al., 
2015). Each phase of stepping and joint movement involves interactions with the other 
components in the kinematic chain and in this way, walking relies on the interplay of both 
neural and mechanical elements. Any change in duration, phase or amplitude of the modular 
recruitment can affect walking. Modules form a general set of motor actions recruited by 
various neural pathways. Central pattern generators (CPGs) along the spine send the basic 




Following a stroke, individuals with less modules on the affected limb display 
reduced speed, and asymmetrical step length and propulsion. The central nervous system 
merges the available modules on the affected side for posture and locomotor control (Beyeart 
et al., 2015). 
Following a stroke, muscle weakness and a loss of volitional movements are common. 
Hemiparesis, or the loss of function on one side of the body is the result of a disruption to the 
descending neural pathways, with no direct damage to the musculoskeletal system or spinal 
circuit (Beyeart et al., 2015). The brainstem and cerebellum, which are particularly important 
for walking, remain intact following 90% of strokes (Beyeart et al., 2015). Adaptive 
processes involving the cerebellum consist of using previously learned compensatory 
mechanisms or learning new ones. For example, reduced foot clearance during the swing-
phase may be compensated for through a pelvic hike post-stroke. Furthermore, the paresis of 
the affected side resulting in higher kinetic involvement of the unaffected side may be a 
compensation for the asymmetrical movement pattern. Muscular co-activation of the lower 
limbs is a compensatory mechanism employed post stroke to enhance stability by stiffening 
the joints (Beyeart et al., 2015).  
Spatiotemporal Characteristics 
Reduced velocity is prevalent amongst stroke survivors. It is reported that a gait 
velocity of 0.80m/s is necessary for community ambulation, which corresponds closely to the 
velocity necessary for rotation of the pelvis and thorax at 0.83m/s (Beyeart et al., 2015). 
Decreased cadence and stride length is also common following a stroke (Wang et al., 2020; 
Beyeart et al., 2015).  
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Commonly, the affected limb has a shorter stance time and longer swing time, while 
the unaffected limb has a shorter step length. The unaffected, non-paretic limb may have a 
prolonged stance duration (Wang et al., 2020). While this is common, the reverse may also 
occur (Beyeart et al., 2015). Shorter step length and duration on the paretic side and shorter 
step length and duration on the non-paretic side result in asymmetrical step lengths and 
duration (Little et al., 2020). 
Difficulties in controlling balance is common following a stroke. Increased weight-
bearing and pressure placed on the unaffected limb to compensate for the reduced capacity of 
the affected limb to bear weight, results in increased asymmetry (Beyeart et al., 2015). The 
temporal and spatial interlimb asymmetries associated with a stroke in turn negatively affects 
velocity (Beyeart et al., 2015). About half the number of people who have had a stroke 
experience enduring gait asymmetry. This not only impedes balance and efficient movement, 
uses increased energy but it is also a significant predictor of falls post-stroke. (Little et al., 
2020; Rozanski et al., 2020).  
Rozanski et al. (2020) reported the changes in spatiotemporal gait asymmetry in 
individuals after being discharged from stroke rehabilitation. Although there was a decrease 
in asymmetry, most individuals did not improve swing or step symmetry. While significant 
improvements were observed for balance, velocity and overall motor function, asymmetric 
gait persisted for the majority, with improvements for some observed in swing and step 
symmetry (Rozanski et al., 2020). 
Biomechanical Characteristics 
Gait deviations following a stroke commonly include reduced hip, knee, and ankle 
flexion during the swing phase (Kesar et al., 2014). The vertical ground reaction force 
beneath the affected limb is significantly less than that of the unaffected limb, resulting in a 
reduced propulsion or push off (Beyeart et al., 2015). 
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Ankle, hip, and knee deviations are common following a brain injury (Thaut & Rice, 
2014; Beyeart et al., 2015). Weakness in the ankle can result in foot slap or flat foot in the 
initial contact, whereby the desired heel strike of normal gait is replaced by the foot being 
placed flat on the ground and the toes being dragged on the ground during the swing phase. 
Increased hip and knee flexion and hiking are common compensatory techniques to 
counteract these deviations. Ankle weakness can also cause reduced propulsion or ability to 
push off at the beginning of the swing phase (Thaut & Rice, 2014). 
The ankle joint is closely connected to the knee joint. Weakness at the knees can 
result in increased knee flexion during the initial contact phase. Increased hip flexion and 
forward leaning at the trunk are common compensatory strategies. Inadequate knee flexion is 
often observed, particularly where there is hamstring weakness, and results in toe dragging 
during the swing phase (Thaut & Rice, 2014). Hyperextension of the affected knee is 
common and is particularly apparent in very slow walking (Beyeart et al., 2015). This also 
contributes to the initial contact with the ground being made with the fore foot or flat foot, as 
opposed to a heel strike as in normal gait.  
Hip extensors facilitate forward motion and propulsion and hip flexors are responsible 
for pulling up the leg during swing phase to allow it to clear the ground. There are common 
deviations associated with the hip joint following a stroke, and in this case the unaffected 
limb often compensates by hip hiking, thus raising the leg of the affected side for clearance 
(Beyeart et al., 2015). However, toes on the affected limb may still be observed dragging 
along the ground during the swing phase (Thaut & Rice, 2014). Weakness in the hip may also 
result in the pelvis dropping on the opposite side (Thaut & Rice, 2014). 
Arm swing on the affected side is often impaired following a stroke, further 
increasing the associated asymmetry. It is also common for normal trunk movement to be 
altered, and individuals walking at slower speeds with shorter and wider steps reportedly use 
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more thoracic rotation than pelvic rotation. This may be a compensation for reduced arm 
swing on the affected side (Beyeart et al., 2015). 
Adult TBI 
Many of the deviations relating to stroke apply to TBI and ABI generally (Thaut & 
Rice, 2014). However, there may be more bilateral involvement in comparison to stroke. In 
addition, individuals may have more significant cognitive deficits following a TBI. Sensory 
impairment and poor motor control, impaired balance, and paresis are frequently observed 
following a TBI (Thaut & Rice, 2014). 
Impaired balance and altered co-ordination are prevalent following a TBI (Basford et 
al., 2003). Both are complex processes that involve interactions between the sensory, 
musculoskeletal, and motor programming systems (Basford et al., 2003). Any impairment to 
the interaction of these systems can lead to significant impairment to movements. The 
sensory system monitors the location of the body’s centre of mass, which must be 
coordinated with motor responses for effective and efficient movement. Individuals who have 
had a TBI rely more on visual input and they tend to sway more, representing a difficulty in 
processing the sensory information.  
Reduced velocity and stride length are commonly experienced following a TBI (Thaut 
& Rice, 2014; Williams et al., 2009; Basford et al, 2003). A study by Williams et al. (2009) 
found that people who had a TBI walked with a significantly slower velocity than healthy 
controls. A significant decrease in cadence and step length was also found. The stance 
duration on the affected leg and the double support phase were significantly longer than 
controls (Williams et al., 2009). Further, the width of base of support was greater in 
individuals who had a TBI. Excessive knee flexion at initial foot contact was also reported in 
this study. Reduction in propulsion was also noted. Importantly, Williams et al. (2009) 
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highlight the heterogeneity of TBI, stating that gait abnormalities do not fit into distinct 
patterns. (Williams et al, 2009).  
Children TBI 
While the gait deviations reviewed above relating to adults are applicable to children, 
a search for literature relating specifically to children was carried out. While similar gait 
patterns were observed, it appears that an even greater degree of variability is associated with 
children in comparison to adults following an ABI.  
Kuhtz-Buschbeck et al. (2003b) studied the effects of TBI on children’s gait 
parameters and found that velocity, step, and stride lengths were significantly smaller than in 
control subjects Step lengths were variable and the variability of asymmetry between left and 
right step length was higher in children post TBI. There was a strong correlation between 
increased symmetry and higher velocity (Kuhtz-Buschbeck et al., 2003b). 
The cadence and step width, however, were similar for both children with TBI and 
those without (Kuhtz-Buschbeck et al., 2003b). This contrasts with a similar study with 
children who had a TBI, which found a significant reduction in cadence and a significantly 
enlarged step width (Kuhtz-Buschbeck et al., 2003a). The children who participated in the 
study demonstrated significantly impaired balance following a brain injury (Kuhtz-
Buschbeck et al., 2003a). Step cycle duration was longer and an increased time of double 
limb support was observed. “Variations of performance” were highlighted as being 
particularly pronounced in children following a brain injury (Kuhtz-Buschbeck et al., 2003a).  
It is clear from the foregoing that while common deviations can be identified in 
relation to gait following an ABI, there is much variability evident. The heterogeneity of ABI 
is illuminated particularly in the variability of gait deviations amongst people who have 




Adults and Children 
The findings in the search of extant literature vary considerably between adults and 
children who had experienced an ABI. Consequently, the sections that follow present the 
literature for adults and children separately. The present study includes the recruitment of 
both adult and paediatric participants, and therefore both are highly relevant to this research. 
It was important for this researcher and clinician to be fully informed of the potential impact 
on individuals with an ABI prior to commencing the clinical aspect of the study.  
Adults 
Physical Impact on Quality of Life 
Functional abilities have been highlighted as significant in the overall health related 
QOL experienced by people living with an ABI (Horneman et al., 2005). Of significance to 
this study is overall mobility, gait, gross and fine motor skills, and although improvements 
are observed, long-lasting mobility impairments are common, as detailed in the previous 
section (Horneman et al., 2005). Other functional limitations include hearing impairments 
and speech problems, which are common following an ABI and have been demonstrated to 
have long-lasting effects on the health related QOL post-injury (Horneman et al., 2005).  
Cognition 
Cognition can be seriously affected following an ABI, with deficits in attention, 
memory, information processing speed and executive functioning (Stocchetti & Zanier, 
2016). Communication difficulties and behavioural changes are also common (Sigurdardottir 
et al., 2020). This can seriously impact on individuals’ ability to carry out ADLs. 
Furthermore, individuals often experience lifelong disability, resulting in a poor chance of 
returning to work (Sigurdardottir et al., 2020). Executive functions have been found to be a 
significant predictor of both functional and employment outcomes (Sigurdardottir et al., 
2020). These include skills such as organisation, self-control, flexibility, decision-making and 
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planning, all necessary components of daily living and gainful employment. In a study by 
Sigurdardottir et al. (2020), rates of return to work following a TBI are assessed and only 
45.2% of pre-employed participants had returned to work activities one year following an 
injury. Cooksley et al. (2018) state that the most commonly reported activity change 
following a mild-TBI relates to work and employment, with reduced levels of productivity 
and experiences of headaches, fatigue, difficulties in remembering and feeling slowed down 
all contributory factors. Three months following a mild-TBI, 22.5% of participants report that 
work was more tiring, while 17.5% struggled to maintain their previous workload or 
standards of work (Cooksley et al., 2018).  
Psychological 
Psychological disorders are common following an ABI, including anxiety, depression 
and psychosis. An Irish study conducted by Dalton et al. (2014) reports that all participants 
could vividly recall the exact moment of the onset of their injury and that moment was 
experienced by all as a traumatic life-changing event. People who experience cognitive and 
behavioural difficulties often experience co-morbid or pre-morbid psychological issues (Bell 
et al., 2018). Mood disorders have been demonstrated to be associated with several negative 
outcomes including impaired ADLs as well as difficulties with social integration (Bell et al., 
2018).  
Employment 
Survivors of TBI often demonstrate high rates of unemployment as a result of 
functional deficits (Stocchetti & Zanier, 2016). Participants in an Irish-based study emphasise 
the negative impact that unemployment can have following an ABI. This relates not only to 
financial stability, but also to self-esteem, validation, a sense of purpose and having 
something to do (Dalton et al., 2014). Being employed is reported, particularly by younger 
participants, as being important in contributing towards their sense of self and independence 
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(Dalton et al., 2014). Of the 36 participants, only three returned to their previous job after 
their injury, but they found it too difficult to maintain (Dalton et al., 2014).  
Socialisation 
Impaired social activity is widely reported and documented following an ABI. Social 
isolation following an ABI has been widely documented, with reports that loss of social 
contact can persist for more than a decade post-injury (Bell et al., 2018). There are several 
factors affecting social functioning, including physical disability, psychological factors, 
unemployment, financial factors and reduced social contact (Stocchetti & Zanier, 2016). 
Jacobsson & Lexell (2013) found that individuals who were married or cohabiting had higher 
levels of life satisfaction, implying the need for increased social contact and relationships.  
Impact on Family Life 
The impact on the family of individuals who are living with an ABI can be 
devastating. Changes in behaviour are common following an ABI and contribute to long term 
poor family functioning as well as anxiety and depression amongst family members (Bell et 
al., 2018). It is often the role of family members to fill the gap in services post-rehabilitation 
(Dalton et al., 2014). McDermott and McDonnell (2014) describe the overwhelming stress 
experienced by family members caring for someone who has had an ABI, and the shift in 
family roles that often occurs. O’Connor et al. (2012) also refer to the burden on family life 
and found that participants who were living with an ABI often worried about their carers’ 
health and well-being and did not want to be a burden.  The extent to which people living 
with an ABI rely on family members for financial support is documented, further increasing 




An altered sense of self and self-identity has been reported following an ABI, as 
individuals attempt to process their injury and come to terms with their new reality and the 
associated impairments. However, people often build a “post-injury personhood” containing 
elements of both their old and new self and begin to experience a new and “different kind of 
normal” (Dalton et al., 2014, p.65). This may be indicated by a significant change to their 
public-self and an increased sense of dependence and marginalisation (Dalton et al., 2014). 
The lack of knowledge of the public surrounding ABI and the devastating implications that it 
can have on an individual are highlighted (Dalton et al., 2014). Many of the symptoms 
experienced post injury are invisible and are therefore commonly misunderstood (Dalton et 
al., 2014). This further impacts on an individual’s ability to function in society on a day-to-
day basis, with some participants reporting, for example, that they were refused entry to 
various social settings as they were assumed to be drunk (Dalton et al., 2014).  
Independence 
The overriding factor affecting people’s desire to live independently in the 
community following an ABI was the sense of choice and control this gave them over their 
day to day lives (Dalton et al., 2014). Some participants in the study by Dalton et al. (2014) 
had not been consulted adequately in relation to their needs, did not feel in control of their 
lives, and found many responsibilities were handed over to their carer. Some of the 
participants felt that their carer needed better training and education around their physical and 
mental needs (Dalton et al., 2014).  
Sexuality 
Sexuality and sexual practices may also be greatly affected following an ABI. 
Physical, as well as psychological factors, such as depression, can affect the sexual function 
of individuals who have had an ABI (Stocchetti & Zanier, 2016). Pituitary dysfunction is 
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common in individuals who have had an ABI (Stocchetti & Zanier, 2016). This in turn is 
likely to be associated with amenorrhea and menstrual irregularities (O’Reilly et al., 2018). 
Fatigue following an ABI is common and has been experienced particularly by females 
(O’Reilly et al., 2018). This in turn may influence sexual practices.  
Gender Issues   
It is important to note that due to the higher incidence of ABI in men than women, 
much of the research reflects this trend, with little about the specific issues faced by women 
as a result of an ABI. O’Reilly et al. (2018) conducted a narrative literature review of studies 
relating to women’s experiences of TBI in order to provide some gender-specific 
perspectives. Social difficulties and the breakdown of existing relationships are reported 
amongst women as well as difficulties in forming new social relationships (O’Reilly et al., 
2018). The sequelae following ABI are often silent or invisible, which can lead to people 
feeling misunderstood by others who may belittle or underestimate the impact of their 
disability. Studies included in the review report a higher incidence of headaches and dizziness 
as well as body pain in women than men. Moreover, women report higher rates of fatigue and 
sleep disturbance than men.  
Children 
Although many of the same principles apply to both adults and children, there is a 
body of research that relates specifically to the impact of a brain injury on children and 
adolescents. Children and adolescents experience rapid and regular changes and 
developments in relation to physical, cognitive and emotive functions (Magee et al., 2011). 
The long-term effects of an ABI are often more severe for children than adults, because the 
normal development of the brain has been disrupted. Moreover, children’s skulls are eight 
times weaker than adults’ and are therefore at a higher risk of injury (Wilkinson et al., 2018). 
A child’s brain is softer than that of an adult due to the higher water content, which also 
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makes them more susceptible to injury (Wilkinson et al., 2018). Studies indicate that worse 
outcomes are associated with lower age in children following an ABI (Andruskow et al., 
2014). Common symptoms of paediatric ABI are headaches, nausea, pain, difficulties 
sleeping, memory impairments and fatigue. It has also been associated with increased rates of 
depression, psychomotor slowness, loneliness and an increased sense of burden on the family 
(Wilkinson et al., 2018).  
Like extant research relating to adults, much of the research relating to children 
reports on TBI. As many as 500:100,000 children experience a TBI each year, with one in 
thirty new-borns sustaining a TBI by age 16 (Anderson et al., 2012). Global functional 
impairments in adults who survive a childhood TBI have been reported to include poorer 
educational performance, greater employment difficulties, lower quality of life and a higher 
incidence of mental health difficulties (Di Battista et al., 2015). A stroke during childhood or 
adolescence is associated with similarly poor outcomes, with sequelae including seizures, 
paresis, behavioural difficulties, psychiatric disorders and decreased QOL (Jacomb et al., 
2018).  
Predicting Long-Term Outcomes 
A study carried out by Anderson et al. (2012) assessed the adaptive ability, behaviour 
and QOL of children between 4 and 16 years old by comparing each of the domains before 
and after a TBI. Their findings reveal a decrease in functional ability six months post-TBI for 
a severe injury (Anderson et al., 2012). Executive skills, educational achievement, social 
function and behavioural aspects are the most prevalent of these. Pre-injury function is shown 
to be a reliable predictor of function six months post-TBI. Age at the time of their injury and 
family function were also significant. The severity of an injury is a well-established mode of 
predicting the variance in outcomes post-TBI. However, it may also be important to take 
other factors such as age at the time of injury, social context and family environment into 
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consideration. Severity of injury, pre-injury impairments, evidence of family dysfunction and 
age at the time of injury are demonstrated to be significant in determining the long-term 
outcomes of TBI (Anderson et al., 2012). Similarly, in the case of paediatric stroke, age 
appears to be a factor and the younger the child at the time of injury the less favourable the 
cognitive outcomes (Jacomb et al., 2018). With the passage of time following an injury, 
cognitive skills may deteriorate due to the onset of new impairments, the worsening of old 
impairments or a changing rate of development (Dennis, 2000). 
Education 
Previous research suggests that attention and academic performance are areas of 
cognitive weakness for children following a stroke (Jacomb et al., 2018). Cortical stroke has 
been associated with poorer outcomes than subcortical stroke, with children who have had a 
subcortical stroke showing significant change in immediate memory over time (Jacomb et al., 
2018). Executive functioning skills pre-injury appear to predict those six months post-injury, 
with severity of the injury and family cohesion also playing a significant part in predicting 
outcomes in relation to executive function (Anderson et al., 2012).   
Socialisation 
Children with severe TBI showed significantly lower socialisation skills six months 
post-TBI than their pre-injury levels (Anderson et al., 2012). In relation to behaviour, parents 
reported a significant increase in behavioural problems six months after their injury.  
Tousignant et al. (2018) offer a potential explanation for this in response to their 
research in which they assessed the impact of TBI on social cognition in adolescents. They 
report that adolescents with a TBI displayed poor mentalising skills and lower perspective-
taking abilities in comparison to peers. This could explain the social difficulties reported by 
people who have had an ABI in relation to conflicts, social networks and participation 
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(Tousignant et al., 2018). This is particularly relevant for adolescents as they are in a period 
of transition where increased social independence and the formation of lasting relationships is 
an important aspect. Moreover, the brain is still developing during adolescence, particularly 
in frontal and temporal regions, both of which are associated with social cognition (Giedd, 
2008). The addition of socio-cognitive assessments and programmes in clinical practice to 
address this problem is recommended (Tousignant et al., 2018).  
Quality of Life 
QOL was measured in children with TBI at the time of their injury and again six 
months later (Anderson et al., 2012). Children with a mild-TBI showed slight improvements 
six months later, while those with a severe injury showed deteriorated psychological 
performance after six months. Only pre-injury QOL and severity of injury predicted that at 
six months post-TBI (Anderson et al., 2012). A more recent study by De Matteo et al. (2014) 
assessed the QOL of children and adolescents five years after having an ABI. Their results 
suggest that all domains of QOL were affected regardless of the severity of their injury. 
Psychosocial difficulties were particularly affected even after five years. Having mapped the 
QOL trajectories of participants, they showed that there was an initial steep decline after 
hospital discharge with the lowest levels at the point of returning to school. After this point, 
there was a gradual improvement, but none of the participants returned to baseline levels 
within five years (De Matteo et al., 2014). Connell et al. (2018) investigated the QOL of 
children with an ABI from both parent and child perspectives. Children rated the effects of 
physical activity participation as significant in their perception of QOL (Connell et al., 2018). 
“Identifying physical activity opportunities for a child requires significant knowledge and 




Roscigno et al. (2011) postulate that research should incorporate the perceptions and 
perspectives of children themselves when reporting the outcomes of brain injury in order to 
gain a broader understanding of the factors influencing recovery, social integration and QOL 
following injury. Thirty-nine children between the ages of 6 and 18 who had survived a 
moderate to severe TBI were recruited into their study. As one might expect, results show a 
correlation between the level of functional impairments and the level of social integration. 
“Longing for everydayness” was a major theme reported in the study and it describes the 
children’s comfort with themselves without having to question others’ understanding or 
acceptance of them as a result of their injury (Roscigno et al., 2011, p.888). The children that 
were interviewed recommend making the recovery process more fun and sociable with 
additional emotional support (Roscigno et al., 2011). Social support was particularly 
highlighted by interviewees in terms of grieving for the changes and losses following their 
injury (Roscigno et al., 2011). Subsequent studies echo the importance of including the 
child’s own perspective into research following ABI (Di Battista et al., 2015; Connell et al., 
2018). A study by Di Battista et al. (2015) includes the perspectives of participatory children 
in determining their perceived QOL.  
While it may be considered overly simplistic, the simple act of asking the adolescent 
how they are feeling in terms of their mood, confidence, independence and well-being 
may be the most important step in identifying areas of concern in the clinical and 
rehabilitative context (p. 581).  
Fatigue 
Fatigue is commonly experienced by children following an ABI, which can negatively 
affect many of their ADLs post-injury. Fatigue refers to a lack of energy, lethargy and an 
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exhausted feeling that affects physical, mental and emotional functions (Wilkinson et al., 
2018). Physical fatigue refers to the lack of energy to undertake physical exercise, while 
mental fatigue refers to potential difficulties such as attention, concentration and motivation.  
Stress and worry may result in emotional fatigue. In their systematic review of fatigue 
following paediatric ABI, Wilkinson et al. (2018) found that between 61.7% and 64.2% of 
children experienced fatigue at the baseline, while 15.4% who did not display symptoms of 
fatigue at baseline subsequently did so two weeks later. Therefore, it is likely that delayed 
onset post-injury can be commonly experienced. School work, physical activity and social 
and emotional functioning were affected as a result of fatigue post-injury. Limited physical 
activity was commonly associated with weight-gain, which in turn had a negative impact on 
children’s perceptions of self and their appearance (Wilkinson et al., 2018).  
Family Life 
ABI can impact the family of children and adolescent survivors in various ways. The 
level of family function pre-injury is shown to be significant in predicting the long-term 
outcomes post injury (Anderson et al., 2012). However, the residual stress that the family unit 
experiences and the changes and challenges they must face after a loved one has had an ABI 
can be vast. Parental-coping, problem-solving and communication difficulties following 
paediatric ABI may lead to family dysfunction, divorce and dysfunction amongst siblings (De 
Kloet et al., 2015). De Kloet et al. (2015) report a considerable impact on families two years 
post-injury. 
Summary: Sequelae of ABI 
The review of the literature above illuminates the magnitude of the impact that an 
ABI can potentially have on an individual, affecting many physical, cognitive and 
psychological aspects of their lives. It is important to understand the complexity and 
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heterogeneity that is associated with ABI across all aspects of a person’s life. The level at 
which a treatment programme can be deemed effective or otherwise will be influenced by at 
least some of the elements outlined in this section.  
The physical and psychological domains in relation to gait and mood for people living 
with an ABI, and the elements that may determine the efficacy of specific treatment 
programmes are of interest and relevance to this research. Therefore, specific treatment 
approaches within the fields of physiotherapy and psychology are examined in the next 
section to further elucidate extant research and practices.   
Rehabilitation 
An individual who experiences an ABI will commonly need to engage in 
rehabilitation to varying degrees, depending on the severity of their injury. The WHO (2011) 
defines rehabilitation as: 
A process aimed at enabling them (people with a disability) to reach and maintain 
their ideal physical, sensory, intellectual, psychological and social functional 
levels…(providing) people with the tools they need to gain independence and self-
determination.  
Rehabilitation in Ireland 
In Ireland, the National Rehabilitation Hospital (NRH) in Dublin is the only specialist 
rehabilitation facility in the country. Early rehabilitation interventions are associated with 
better outcomes for people who have had a brain injury (León-Carrión et al., 2013). Irgens, 
Henriksen & Moe (2016) further support early and high intensity interventions carried out by 
multidisciplinary teams for optimal outcomes following an ABI. However, the average 
waiting time for low complexity cases in 2016 in Ireland was 79 days, 100 days for moderate 
complexity and 179 days for high complexity cases (Owens et al., 2018). The NRH provides 
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46 specialised beds for people with an acute brain injury. Owens et al. (2018) estimate that 
275 beds are required each year in Ireland. According to the NRH annual report for 2018, 211 
people were admitted for rehabilitation in the Brain Injury Programme, which includes 
stroke. Table 2 below presents the breakdown of figures. People waited an average of 140 
days for admission to the programme. This was despite a target to reduce this waiting period 
to 90 days.  
Table 2  
Brain Injury Programme (NRH, 2018) 


















The Paediatric Family-Centred Rehabilitation Programme is a five-day service that 
provides six outpatient beds and two day places for children. In 2018, the paediatric service 
recorded 23 admissions (NRH, 2018). This number of admissions is low due to the temporary 
closure of the paediatric unit. This closure had major implications for the present study in 
relation to recruiting paediatric participants.  
Physical Impact of ABI and Treatment Approaches 
People who have sustained an ABI often experience loss or impairments in physical 
abilities as a result of their injury. This loss of function can have a significant effect on the 
individual’s ability to perform ADLs. Motor impairment is the most common deficit 
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associated with stroke and over 30% of stroke survivors cannot walk independently six 
months post-stroke (Pollock et al., 2014). 80% of stroke survivors experience a loss of 
control in the movement of the face, arm and leg on one side of the body (Pollock et al., 
2014). Paresis, decreased movement, excessive stretch resistance and presence of synergies 
are common symptoms following a stroke (Sallés et al., 2015).  
Physical rehabilitative interventions are crucial to increase the physical independence 
and functional movements of individuals who have had an ABI. This section seeks to outline 
the impact of an ABI on the physical functions of an individual as well as give an overview 
of the interventions that are widely used in rehabilitation settings to maintain or improve 
physical abilities, with a focus on gait training.  
Physical Rehabilitation  
Before the 1940s, corrective exercises were based on contraction and relaxation 
techniques, with the focus on strengthening muscles and using unaffected limbs to 
compensate for lost abilities (Pollock et al., 2014). During the 1950s and 1960s, 
neurophysiological techniques became more commonly used, including the Bobath and 
Brunnström methods as well as the proprioceptive neuromuscular facilitation approach 
(Pollock et al., 2014). These approaches involved the physiotherapist guiding the person 
through each movement, with the individual as a relatively passive participant. Increasing 
interest in the potential of neuropsychology to facilitate motor learning in the 1980s and the 
motor learning/re-learning approach was adopted, whereby context-specific motor tasks with 
appropriate feedback were employed to promote learning and motor-recovery through the 
active involvement of the person (Pollock et al., 2014). The 1980s also saw an increased need 
for physiotherapy interventions to have a solid evidence base.  
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Pollock et al. (2014) review physical rehabilitation approaches following stroke and 
identify seven broad categories. These are functional task training, musculoskeletal 
intervention (active), musculoskeletal intervention (passive), neurophysiological intervention, 
cardiopulmonary intervention, assistive device and modality (Pollock et al., 2014). Most of 
the studies included in the review used functional-task training approaches. The results of the 
review indicate that no one approach was more effective than another. Improved motor 
function, balance and gait-velocity were the primary outcomes of the physical interventions 
overall. It was also found that the greater the dosage of an intervention, the greater the 
outcome for a person’s physical parameters. The review recommends that selected treatments 
be based on the assessment of each individual person, that evidence-based treatments are 
used, and an awareness of the current evidence that no one approach is better than another.  
Wilson et al. (2019) report common practices regarding assessment and treatment 
techniques of physiotherapists in Canada working with people with an ABI. Results showed 
that the use of outcome measures were limited due to time constraints. Visual observation 
was the most reported outcome measure. The use of the timed 10 metre walk test is 
recommended as a validated measure for people with an ABI (Wilson et al., 2019). Gait-
related goals consisted of improving endurance; improving gait pattern; increase gait speed; 
decrease fatigue; decrease dependence on walking aid; ambulate independently; increase 
community ambulation (Wilson et al., 2019, p.338). Improving gait pattern was the most 
reported goal area.  
Traditional approaches in physiotherapy rehabilitation tend to focus on a bottom-up 
approach whereby the focus is placed on a physical level to influence the neural system in the 
promotion of neuroplasticity (Belda-Lois et al., 2011). More recently however, researchers 
are placing increased emphasis on a top-down approach, basing therapeutic input and 
practices on the state of the brain following injury (Belda-Lois et al., 2011).  
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Central Pattern Generators (CPGs) 
Following a stroke, the function of the cerebral cortex of the person’s brain is 
impaired, but that of the spinal cord remains intact. The basic motor pattern for stepping and 
gait is formed in the spinal cord, while more controlled aspects of walking are generated in 
the cerebral motor cortex, cerebellum and brain stem (Belda-Lois, 2011). The spinal-cord has 
a network of CPGs, mentioned earlier in this chapter, which are nerve cells that generate 
movements and recruit necessary information to activate motor neurons in the appropriate 
sequence and intensity. They are described as innate and are adapted and perfected by 
experience (Grillner, 2003).  
Traditional Approaches to Gait Rehabilitation 
Gait rehabilitation is largely focused on physical therapy interventions. A review of 
the literature relating to specific approaches used within the field of physiotherapy for 
individuals with an ABI reveals many varying approaches and techniques. This section seeks 
to illuminate the main approaches and their underlying principles in order to establish an 
enhanced understanding of how rhythmic cueing may facilitate gait training.  
Most physical therapies favour over ground training in their approach to gait 
rehabilitation. Neurological gait rehabilitation approaches can be categorised into two main 
domains, namely neurophysiological and motor-learning (Belda-Lois et al., 2011). 
Neurophysiological approaches generally involve the physiotherapist facilitating a person’s 
movement patterns, acting as the decision maker and problem solver, with the individual 
themselves largely a passive recipient. On the contrary with motor-learning approaches, 
whereby the focus is on the person as an active participant. Motor-learning approaches 
emphasise context-specific exercises that are relevant to each individual.  
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There are two perspectives in physical therapies, namely restorative and 
compensatory (Sallés et al., 2015). Restorative approaches, as the name suggests, seek to 
restore the same patterns that were used prior to the injury, through the neuromusculoskeletal 
system, while the latter focuses on developing new strategies to compensate and facilitate 
functional learning (Peri et al., 2019). The choice between restorative and compensatory is 
guided by the length of time that has elapsed since injury. Early treatment takes advantage of 
neuroplasticity as individuals have an increased possibility of restoring functions with earlier 
treatment (Peri et al., 2019). In cases where a longer time has elapsed since injury, 
compensatory approaches are typically employed, with less likelihood of regaining pre-
morbid functions (Peri et al., 2019). 
Neurophysiological Approaches 
Bobath Method 
The Bobath approach is widely used by physiotherapists in the neurorehabilitation 
setting. This approach focuses on resolving a person’s current activity restrictions and 
limitations (Vaughan-Graham et al., 2017). The concept integrates posture and movement so 
that rhythm, co-ordination, ease of movement, specificity, variability, repeatability and speed 
are all considered to be contributory factors. The Bobath method aims to restrict increased 
muscle tone, or spasticity, by passive mobilisation (Belda-Lois et al., 2011). This method 
initially focuses on the trunk and pelvic regions before progressing to specific limbs.  
Other Neurophysiological Methods 
There are several other methods within the neurophysiological category. The number 
of various methods suggests that there are several ways to facilitate the physical rehabilitation 
of individuals following an injury. Furthermore, some of the techniques may be more 




The Brunnström method encourages a return to voluntary movements through reflex 
facilitation and sensory stimulation (Belda-Lois et al., 2011). The Proprioceptive 
Neuromuscular Facilitation approach employs spiral and diagonal patterns through various 
stimuli (Belda-Lois et al., 2011). The Vojta method seeks to access stored movement patterns 
that are considered as being innate by stimulating nerve-endings at specific body points 
(Belda-Lois et al., 2011). The Rood Technique facilitates movement and postural responses 
through sensory stimulation (Belda-Lois et al., 2011). The Johnstone Method involves the use 
of positioning and splinting to inhibit abnormal movement patterns and to control tone to 
restore central control (Belda-Lois et al., 2011).  
Motor Learning Approaches 
Common to all methods within the motor learning approach is the active participation 
of an individual in their treatment. Similar to the neurophysiological approaches however, 
there are several different methods, each with subtle differences separating them. A brief 
overview is provided in this section.  
The Perfetti method begins with tactile recognition of various stimuli and progresses 
from passive to active manipulation of muscles and joints. Also known as neuro-cognitive 
therapeutic exercise, this method recognises cognitive processes such as memory, attention, 
perception, problem-solving and ability to observe and imagine as key components to motor 
rehabilitation (Sallés et al., 2015). It consists of motor-imagery, whereby individuals are 
guided with closed eyes to imagine the correct execution of a movement. These 
neurocognitive exercises reportedly promote neuroplasticity (Sallés et al., 2015).  
Methods such as the Carr and Shepherd method and the Ayres method rely on sensory 
input and feedback to facilitate movements. (Belda-Lois et al., 2011). The Affolter method 
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places emphasis on perception and the relationship that exists between the individual and the 
environment (Belda-Lois et al., 2011).  
Physiotherapists’ Perceptions 
Vaughan-Graham et al. (2017) investigated the perception of physiotherapists in 
neurorehabilitation and how they conceptualise movement. The study implies the over-
reliance on determining the effect of specific interventions in research, as opposed to taking a 
broader more holistic perspective that includes the clinical reasoning process to assess the 
relevance of an approach or concept for each individual. The key findings show that 
participants viewed movement as a whole body and whole person experience and not just that 
of individual limbs. They viewed active body alignment as a vital component to movement. 
Furthermore, they suggested that efficient movement integrates both postural control and 
selective movement. This is aligned to the World Confederation of Physical Therapy, which 
views movement as essential, purposeful and influenced by internal and external factors 
(Vaughan-Graham et al., 2017). Their understanding that sensation, action, perception, 
cognition and emotion are all connected is consistent with systems-based approach to motor 
control.  
Neuroplasticity and its Implication for Motor Recovery 
Neuroplasticity refers to “the ability of the nervous system to respond to intrinsic or 
extrinsic stimuli by reorganising its structure, function and connections” (Smith & Stinear, 
2016, p.168). Smith & Stinear (2016) discuss plasticity and motor recovery following a 
stroke. In the first three months post-stroke, neural plasticity is in a heightened state. It is 
therefore difficult to generalise effects of interventions at the chronic phase in the acute 
setting to those of the sub-acute setting, where most of the therapeutic interventions are 
conducted. Task-specific training, prevalent in most physiotherapy interventions, use 
outcome measures that assess functional recovery. These take into account the completion or 
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otherwise of a task as well as the speed of its completion. The measures do not consider how 
well a task was completed and therefore, it cannot be deciphered whether a measured 
improvement was due to a reduction in impairment or compensatory movements (Smith & 
Stinear, 2016).  
Spontaneous biological recovery has been reported for people following a stroke and 
indeed ABI generally. This refers to motor recovery that occurs without any motor training 
(Smith & Stinear, 2016). Ischaemia in the peri-infarct area leads to a series of reactions that 
lend to heightened plasticity, improved neurotransmission and changes in excitation and 
inhibition (Smith & Stinear, 2016). In short, this period of heightened plasticity allows new 
neural pathways to be formed and can lead to spontaneous biological recovery in stroke 
survivors. This period in which rapid improvements in impairment and function can be 
observed, begins within hours of stroke onset and lasts approximately three months 
thereafter.  
Existing research suggests that in the first three months following a stroke, people’s 
impairments were reduced by an almost fixed amount of 70% (Smith & Stinear, 2016). This 
figure represents people whose cortico-spinal tracts were functionally intact. Without this 
connection between the brain and muscles, any changes in neuroplasticity would be 
redundant. These results indicate that impairments during the first three months improved 
regardless of intervention and Smith & Stinear (2016) suggest that current physiotherapy 
interventions have not yet found a method of enhancing spontaneous biological recovery. 
This is not to say that rehabilitation early after stroke is ineffective, rather that it promotes 




Motor training has been shown to induce synaptogenesis, axonal sprouting and 
formation of dendritic spines (Smith & Stinear, 2016). Intensity, time-sensitivity, reward, 
motivation, attention, the environment, task variation and challenge are all important aspects 
in promoting synaptic or grey matter plasticity. It is unclear how white matter plasticity can 
be promoted, but it is suggested that it is dependent on dosage.  
De Diego et al. (2013) developed a sensorimotor stimulation programme in 
rehabilitation for people who survived a stroke. The protocol consists of an active sensory 
stimulation of proprioception or touch made up the beginning of the session and is followed 
by functional task training. Imagining or visualising the desired movement or completion of a 
particular ADL was also included as part of the protocol. This sought to activate the same 
neural network necessary for both planning and performing movements. The protocol places 
equal importance on motor and sensory information, as the sensory information has an effect 
on planning movements through successive projections to the pre-frontal, pre-motor and 
motor cortices (De Diego et al., 2013, p.369). Motivation is highlighted in this study as being 
an important aspect of physical rehabilitation due to the link between emotions and motor 
planning through connections between the limbic association cortex and sensory areas in the 
brain. The eight-week intervention showed improved motor activity of participants.  
Conclusion: Physical Rehabilitation 
It is clear from reviewing the physiotherapy literature that there are several different 
approaches, methods and techniques used in the retraining of physical function following an 
ABI. Although the Bobath method is the most widely reported method used, it is interesting 
for the present study that no one approach was found more effective than another. Each 
approach showed positive results according to Pollock et al. (2014). The dosage and 
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frequency of the treatment are found to be important in supporting the functional 
rehabilitation, with higher intensity achieving higher outcomes.  
ABI and Mood 
The emotional impact of ABI is significant, and the prevalence of mood disorders has 
been widely documented in extant literature (Longworth et al., 2018; Bertisch et al., 2013; 
Mehta et al., 2012). The most common psychiatric sequelae associated with ABI are 
depression, anxiety, aggression, apathy and disinhibition (Verberne et al., 2019). The 
experience of an ABI requires coping with loss and adapting to change as a result of the 
injury (Mehta et al., 2012). Symptoms of both depression and anxiety are the most reported 
of these. These negative symptoms can have similarly negative repercussions on the overall 
rehabilitation process for individuals who have sustained an ABI. Mood disorders are 
particularly common when frontal lobe damage has occurred as a result of an ABI (Ardila, 
2019).  
Research suggests that the deterioration of mental health can manifest over time and 
may not be present directly after an injury. Mehta et al. (2012) report a significant 
deterioration in mental health between six to twelve months post-stroke. It is suggested that 
an increase in emotional distress may occur as individuals become more aware of their losses 
and the implications of their injury (Williams & Evans, 2003). 
A decrease in emotional well-being and the presence of mood disorders can not only 
affect one’s ability to participate fully in rehabilitation but can affect other areas of their life 
too. Neuropsychiatric difficulties increase the likelihood of functional impairment and 
reduced health related QOL (Verberne et al., 2019). Reduced socialisation, disruption to 
intimate relationships, social conflicts, antisocial behaviour, and loneliness are some of the 
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reported sequelae associated with mood interruptions following an ABI (Tousignant et al., 
2018).  
While there is strong evidence to suggest the presence of mental health difficulties 
and mood disorders post injury, there is relatively little evidence to support specific treatment 
programmes or approaches. Emphasis appears to be placed on the functional outcomes and 
sequelae above the often-invisible mood and mental health related symptoms. However, it 
stands to reason that the level of engagement and motivation that enables a person to 
participate in intensive rehabilitation would be negatively impacted if they are experiencing a 
mood or mental health difficulty.  
Anxiety 
Much of the research relating to the impact on mood following an ABI report on 
depression. However, Bertisch et al. (2013) found that anxiety can impact the functional 
outcomes for people during rehabilitation and suggest that symptoms of anxiety should be 
addressed as standard practice not only to reduce distress levels, but also to improve daily 
functions. The influence of emotional factors on functional outcomes is therefore an 
important point for consideration within the present study. Rates of anxiety reported in the 
first two years following an ABI range from 20-70% (Bertisch et al., 2013). Anxiety rates 
post stroke are reported to range from 20-25% (Chun et al., 2018). Recent figures show that 
38% of people who have had a TBI experience anxiety at six months post injury 
(Rauwenhoff et al., 2019). 
Previous studies report positive effects of psychotherapy and pharmacotherapy in the 
treatment of anxiety following an ABI (Chun et al., 2018). The evidence for this however is 




Depression is commonly experienced as a result of an ABI of any cause (Knottnerus 
et al., 2007). The rates of depression are estimated to range from 14-77% following a TBI 
and 33% following a stroke (Whelan-Goodinson et al., 2008; Hackett et al., 2005). The 
variability in prevalence may be related to the heterogeneity of ABI. Within this range 
following a TBI, 25-50% occurs in the first year with lifetime rates of 26-64% (Jorge & 
Arciniegas, 2014). More recent figures show that approximately 25% of people experience 
depressive symptoms at six months after a stroke, while 50% of people experience major 
depressive disorder following a TBI (Rauwenhoff et al., 2019). Depression may result in 
poorer rehabilitation outcomes (Knottnerus et al., 2007). Moreover. suicidality is reported to 
increase four times following a TBI and double after a stroke (Longworth et al., 2018).  
It is clear from the foregoing that increased emphasis should be placed on the mental 
health and wellbeing of people following an ABI of any cause. Anxiety and depression are 
both widely reported following a brain injury, and their negative effects on engagement and 
functional outcomes are described. Yet, it appears that the emphasis within rehabilitation 
settings following an ABI is placed on functional outcomes with limited focus on the mental 
health of the individual, unless they present with an extreme case. While the primary goal 
areas may relate to functional outcomes, this research takes the view that secondary mood-
oriented goals may be accessed simultaneously.  
Psychological Approaches 
Rauwenhoff et al. (2019) contend that although anxiety and depressive symptoms are 




Like physical rehabilitation, neuropsychological rehabilitation, approaches in the 
early stages post injury seek to restore functions while spontaneous recovery is still possible, 
whereas compensatory methods are utilised during later stages (Holleman et al., 2018, p. 
650).  
Cognitive behavioural therapy (CBT) is the most reported treatment approach for 
anxiety and depressive symptoms following an ABI. However, it is lacking strong evidence 
to support its efficacy as a treatment post-ABI (Rauwenhoff et al., 2019; Stalder-Lüthy et al., 
2013). Verberne et al. (2019) contend that person-centred CBT approaches may be effective 
in reducing levels of anxiety in people with ABI.  
Psychopharmacological treatments similarly are reported in the literature, but have 
shown largely mixed results (Rauwenhoff et al., 2019; Jorge & Arciniegas, 2014; Mehta et 
al., 2012).  
There is limited evidence to support exercise programmes and psychological 
education programmes in rehabilitation following a stroke (Mehta et al., 2012). Weinstein et 
al. (2017) investigated the impact of aerobic exercise for mood in people with TBI. The 
twelve-week programme showed positive signs of improved overall mood. The study 
however had limited generalisability.  
A more recent treatment approach known as acceptance and commitment therapy 
(ACT) has been introduced. Described as a “third-wave cognitive behaviour therapy” that 
involves learning to accept both positive and negative thoughts and feelings in situations that 
cannot be changed, enabling an individual to practice value-based thinking when feeling 
distressed (Rauwenhoff et al., 2019, p.2). Although results display potential for ACT, more 
research is necessary to ascertain its efficacy as an approach to ABI treatment.  
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Neuropsychology seeks to help people “deal with the changes in ways that are 
constructive for optimal functioning in personal, interpersonal and vocational domains” 
(Holleman et al., 2018, p. 650). It treats both the primary and secondary consequences of an 
ABI, improving cognitive skills and addressing emotional problems (Holleman et al., 2018). 
Generally, intensive neuropsychological approaches combine group and individual sessions 
to increase awareness of one’s cognitive, emotional and interpersonal problems (Holleman et 
al., 2018). An intensive neuropsychological programme that consisted of regular goal setting, 
cognitive training, relaxation and physical activities, interpersonal training and group 
discussions was evaluated (Holleman et al., 2018). Significant improvements were found in 
relation to depression, anxiety, general well-being and QOL. 
Positive Psychology has been used in the amelioration of emotional disturbances for 
people with neurological conditions (Lai et al., 2019). Rather than focusing primarily on 
diagnoses and psychopathology, individual’s strengths are the primary focus. It aims to 
enhance positives in relation to feelings, cognition and behaviours (Lai et al., 2019). Six main 
techniques are outlined by Lai et al. (2019) and consist of mindfulness-based techniques, 
positive savouring, life summary, expressive-based techniques, character strengths and hope 
techniques. While it was found that mindfulness-based techniques show the most positive 
signs of efficacy, the results are largely inconclusive due to the variety of techniques used 
(Lai et al., 2019). 
Children 
Structural and functional changes are still taking place in the maturing brain during 
childhood and adolescence (Tousignant et al., 2018). Therefore, the sequelae for children 
living with an ABI may be different and it is possible that some symptoms may not appear 
until long after an injury. Ardila (2019) report that early damage may not result in the 
immediate loss of an ability, but in failure to develop that ability in the future. Tsai et al. 
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(2014) found that adolescents and young adults who had sustained a TBI earlier in life were 
more likely to develop mood disorders. Developmental peaks occur between ages 1–3 and 
15–20 and must be taken into consideration in rehabilitation, where children and adolescents 
should be encouraged to reach appropriate developmental milestones (Magee et al., 2011).  
Magee et al. (2001) refer to a number of aspects that pertain specifically to children 
and adolescents following brain injury, which are age at the time of their injury, the time 
since their injury and family environment. All are key factors in recovery for young people. 
Behavioural issues in children and adolescents are common following an injury and should 
therefore be taken into consideration when in the assessment, planning and evaluation 
processes of rehabilitation (Magee et al., 2011). Fatigue, aggression, irritability, poor 
impulsive control, distractibility, anxiety and depression are commonly reported following a 
brain injury during childhood (Magee et al., 2011).  
Age-appropriate language should be used in sessions and in all correspondence. This 
point is noted in relation to the present study and the delivery of information regarding the 
intervention. Blosser & De Pompei (2003) assert that children and adolescents must not be 
treated as adults. During sessions for example, both verbal and non-verbal methods of 
instruction and communication may be necessary to ensure understanding. Simple, succinct, 
and direct instruction is important. There may be need for alternative means of 
communication such as through visual media or gestures, as recommended by Savage et al. 
(2005). Effective communication with family and parents or primary caregivers is highlighted 
by Savage et al. (2005). They contend that family must be included in all aspects of a child’s 
care.  
To summarise these points in relation to the present study. Developmental milestones 
in relation to children and adolescents are an important consideration for the present study. 
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Furthermore, age appropriate communication is necessary not only in the delivery of sessions 
but also in giving information and in explaining all aspects of the study. Family involvement, 
highlighted above, is a vital attribute of effective rehabilitation, and where appropriate 
primary caregivers should be included within the process. For example, from an ethical 
perspective, consent for participating and for video recording must be obtained from the 
parents or primary caregivers of children and adolescents. Assent is then obtained from the 
child or adolescent themselves.  
Engagement   
The factors associated with and that determine positive rehabilitation outcomes 
following an ABI are manifold. However, engagement and the underlying motivation to 
engage is widely referred to in the literature base (Holloway, 2012). The rehabilitation 
process for adults is reportedly often hampered by a lack of engagement (Brett et al., 2017). 
A person-centred approach wherein a client is involved in the planning and treatment 
decisions can empower them to actively participate in their treatment and care (Brett et al., 
2017).  
A lack of motivation, which is common following ABI, can in turn result in a lack of 
engagement (Brett et al., 2017). There is little available research in relation to potential 
techniques to increase engagement levels of people in ABI rehabilitation (Brett et al., 2017). 
The techniques generally fall into either behavioural modification techniques or cognitive 
skills. The use of rewards, reduction of barriers and devising contracts are reported to be the 
most effective behavioural techniques (Brett, 2017). From the cognitive category, it is the 
techniques that empowered clients to be active in their treatment that are reportedly most 
effective (Brett, 2017).  
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Kenah et al. (2017) conducted a review of boredom in people with ABI during 
rehabilitation. They contend that the loss of function and the limitations associated with ABI 
can lead to boredom. Furthermore, they highlight the link between boredom and depression 
(Kenah et al., 2017). They posit that boredom can be avoided by encouraging autonomy and 
engagement in meaningful activity and increasing people’s sense of empowerment (Kenah et 
al., 2017).  
Summary: Mood-Related Issues 
Given the prevalence of difficulties relating to mood and the high rates of anxiety and 
depression reported in people following an ABI, there are relatively few studies that assess 
the efficacy of specific approaches and techniques to assist in treating these negative 
symptoms. Ongoing support is necessary to facilitate the overall health needs following an 
ABI. Especial attention needs to be given to children with ABI, given the developmental 
considerations in relation to maturing children’s brains. While precedence in rehabilitation is 
often given to the more visible functional outcomes, the mental health and wellbeing of 
people following an ABI needs to be considered. This may not only enhance the long-term 
QOL for survivors but may also enhance their ability to engage in the rehabilitation process. 
Conclusion 
This chapter presents a review of the extant research relating to ABI and the aspects 
most pertinent to this study. The growing incidence and prevalence of brain injury highlight 
the need for increased research output to enhance the outcomes for adults and children 
following an ABI. The devastating, life-changing and often long-term effects experienced by 
people living with an ABI are reported. There is a noticeable dearth in research that relates 
specifically to children and given the differences in sequelae experienced by adults and 
children following an ABI, this is an aspect that needs to be developed further.  
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The neuro-rehabilitative approaches and methods that are commonly used within gait 
training and mood following an ABI are discussed in detail. Interestingly, and relevant for the 
present study, there is no single method within either the physical or psychological 
disciplines that are shown to be more effective than others. This can be seen in the vast 
number of varying methods, particularly in physiotherapy approaches. It also suggests that 
given the heterogeneity of ABI, different approaches are necessary to facilitate the individual 
needs of each person.  
Engagement levels are reported to be an important determining factor of outcomes 
and the degree to which rehabilitation goals are achieved. There is therefore a need to 
incorporate elements into the rehabilitation process that seek to enhance engagement and 
motivation levels for people following an ABI.  
Chapter three is the second part of the literature review, and reviews the research 
relating to music and its impact on the brain following ABI. Further, it presents an argument 
for the use of music and rhythmic cueing not only to facilitate gait training, but also to 
improve mood and promote engagement levels through the incorporation of musical choice 




Chapter Three  
Literature Review: Music Therapy and ABI 
This chapter reviews the current literature relating to the use of music-based treatment 
approaches to support and facilitate rehabilitation for people who have an ABI. Chapter two 
described the many sequelae often experienced by individuals following an injury and 
traditional treatment approaches and practices were outlined. This chapter presents a review 
of the evidence for music-based treatments and the underlying principles and protocols for 
each of the NMT techniques used in the clinical aspect of the study.  
There is a large body of evidence to support the application of music therapy across 
several domains and goal areas of neurorehabilitation as part of an interdisciplinary team 
(IDT). However, for the purposes of the present study and its research questions, the focus is 
placed on the literature and evidence relating to physical rehabilitation and mood. This 
chapter seeks to examine the parallel cortical processes shared between functional outcomes, 
gait and mood, and the perception and production of music.  
Music Therapy and ABI 
The functional deficits associated with ABI are described in the previous chapter, 
particularly in relation to motor impairment and rehabilitation. Further, mood disorders are 
highlighted as a major barrier to engagement in rehabilitation.  
Music has been shown to be effective in both the facilitation of movement and the 
support of mood disorders following an ABI (Magee et al., 2017). Gilbertson (2006) reports 
significant changes in relation to agency, emotionality and motility with participants in 
response to music therapy following a TBI. This is encouraging for the present study, which 
seeks to enhance both the motor and mood related goals for participants.  
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Magee (2009) outlines the main principles supporting music therapy application with 
this population and points out that to engage in music is an innate ability in all human beings. 
Evidence suggests that music promotes neuroplasticity, which enables neuronal connections 
between healthy and damaged brain centres (Magee, 2009). This in turn helps the retraining 
of skills in rehabilitation. Furthermore, Gilbertson & Aldridge (2008) contend that music 
therapy can give unique information about a person through interpreting both musical and 
non-musical behaviours during a session. This may be of value to the interdisciplinary team 
in facilitating optimal treatments for individuals.  
Magee et al. (2017) conducted a systematic review of music-based treatments and 
report improvements in the spatiotemporal gait parameters following rhythmic auditory 
stimulation (RAS) as the main primary outcome of music therapy for people with ABI. A 
positive change in mood, relevant to the present study is presented as one of the secondary 
outcomes. A more recent systematic review on the impact of music in rehabilitation, 
specifically following a stroke, report similar results (Le Perf et al., 2019). The positive 
impact of rhythm on gait parameters and the encouraging effects of music on mood are two 
of the main findings from this review. However, none of the studies included in these reviews 
involved the simultaneous assessment of both gait and mood in the same study.  
To this researcher’s best knowledge, there is only one existing study that explores the 
impact of music on both gait and mood (Jeong & Kim, 2007). In terms of the physical related 
goals, it assesses the impact of rhythmic auditory stimulation (RAS) on range of motion for 
shoulder and ankle flexion. The present study seeks to evaluate its impact, in combination 
with patterned sensory enhancement (PSE) and therapeutic instrumental music performance 
(TIMP) on the velocity, cadence and stride length of participants. Jeong & Kim (2007) also 
seek to assess the impact on mood states, relationships and QOL. While significant results are 
not recorded for range of motion in the shoulder and ankle flexion, significant positive results 
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in relation to mood states are reported. This study shows promising potential for applying 
RAS to both primary and secondary outcomes simultaneously.  
A recent study by Street et al. (2020) investigated the effects of all NMT techniques 
for the overall health and wellbeing of adults in acute stroke rehabilitation. While no 
functional outcome measures were used, 42% of participants found NMT techniques helpful 
for movement generally. Self-reported effects of NMT for participants demonstrated 
increased motivation and mood. This finding was echoed by staff and relatives, who report 
increased motivation and mood as being the most significant outcome of NMT (Street et al., 
2020).  
One further study was identified that examines a combination of both physical and 
mood related goals. Clark et al. (2012) investigated the impact of live PSE on group exercise 
participation and mood among older adults in rehabilitation. While significant improvements 
were not captured by the measures applied, participants’ comments suggest positive 
experiences of participation.  
“Traditional” Music Therapy Approaches 
While Neurologic Music Therapy (NMT) is the most widely reported music therapy 
approach in neurorehabilitation, it is important to highlight a number of approaches that were 
developed prior to the invention of the technological advances in neuroscience that facilitated 
the development of NMT. The work of Paul Nordoff and Carol and Clive Robbins, as well as 
that of Émile-Jacques Dalcroze are briefly discussed in this section. Similarities and 
fundamental differences are explored.  
Nordoff & Robbins 
In the 1980s, Carol and Clive Robbins collaborated with physical therapists working 
with children with multiple disabilities (Robbins, 2005). The role of the music in this 
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approach was to stimulate interactive music-making using a mix of improvised music and 
pre-composed music. One study by Guerrero et al. (2014) examined the impact of this 
approach within an interdisciplinary team for the physical, psychological and social well-
being of adult survivors of stroke. By eliciting participants’ creative strengths, findings report 
that increased peer support promoted changes in motor function, heightened emotional 
awareness and expression (Guerrero et al., 2014). These changes however are difficult to 
quantify beyond observation.  
Sessions within this approach comprise using music to support physical exercises and 
movement with musical activity. The pace, structure and purpose of the movement are 
reflected in the music, as well as the expressive nature of each movement (Guerrero et al., 
2014). “Music could provide enjoyment and motivation, appeal to mind and memory, and 
generate a sense of well-being and an aroused state of expectation” (Nordoff & Robbins, 
1989, as cited in Guerrero et al, 2014, p. 39). 
In line with the present study, Guerrero et al. (2014) assert that attention should be 
given simultaneously to the physical and psychological well-being of participants during the 
rehabilitation process. The emphasis in Nordoff & Robbins approach is on improvisation and 
creativity, dynamically responding “to the child’s actions” as opposed to providing a 
rhythmic pulse (Guerrero et al., 2014, p.39). Guerrero et al. (2014) appear to use the approach 
with an increased awareness of neuroscientific evidence and the principles of shared neural 
networks and entrainment are mentioned. Although there are similarities between this 
approach and some of the techniques within NMT, there are fundamental differences that set 
them apart.  
Firstly, the Nordoff & Robbins approach is rooted in creativity in which the role of 
the music is to stimulate interactive music-making. This is in stark contrast to the techniques 
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within the NMT approach, from which all techniques were developed by directly translating 
neuroscience evidence to music-based techniques to facilitate specific neurological training. 
Secondly, the Nordoff & Robbins music therapist seeks to respond to the individual’s current 
movement parameters. The emphasis within NMT however, is not on the current movement 
patterns of the individual, but on the desired movement pattern. In this way, the NMT 
techniques are not responding to anything, they serve as an external cue and template in 
which targeted movements are facilitated and supported.  
The Nordoff & Robbins approach has no specific treatment protocols or assessment 
techniques for neurorehabilitation. Rather, the treatment and assessment criteria are adapted 
to suit the context, individual, clients’ family and staff of a setting (Tsiris et al., 2018). 
Observation and video analysis are the primary modes of assessment in this approach. In 
contrast, NMT has specific protocols for each technique, as well as a designated set of 
suitable assessments linked to each. In this way, it emphasises the concept of using music-
based techniques to promote functional, non-musical behaviours.  
Dalcroze Eurhythmics  
Dalcroze Eurhythmics is an approach developed in the early 1900s. He has been 
described as the “visionary pioneer” of NMT (Altenmüller & Sholz, 2016). Dalcroze was a 
music teacher, and therefore none of his methods were initially developed for therapeutic 
purposes.  
Dalcroze Eurhythmics is a method of learning and experiencing music through 
movement (Altenmüller & Sholz, 2016). He firmly believed that the auditory and the motor 
system in the human brain were linked from his observation of students, who although may 
not have played in time, could walk and synchronise movements to a beat (Altenmüller & 
Scholz, 2016). He believed that health related goals were achieved through the balance of 
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body, mind and senses. His lessons adapted a somatic approach, whereby participants would 
listen to a musical stimulus before reacting physically, with accompanying sensations and 
emotions arising through the experience (Altenmüller & Sholz, 2016). Dalcroze recognised 
the role of embodiment and its relevance in education and therapy. Embodiment refers to the 
role of the body and the environment in “driving cognitive and emotional processes” 
(Altenmüller & Sholz, 2016, p.114). 
While most of his methods and approaches are guided by intuition and observation, 
modern advances in neuroscience such as those within NMT confirm much of Dalcroze’s 
work. Some of his ideas, particularly those in relation to body-awareness, mindfulness, 
imitation learning and embodiment bear resemblances to what modern neuroscientific 
evidence has confirmed (Altenmüller & Sholz, 2016). However, it must be highlighted that it 
is intuition, observation and experience that guide his approach, representing a fundamental 
difference between it and NMT.  
A Eurhythmics music-based approach has been evaluated previously with people 
following an ABI (Kang et al., 2016). Musical activities targeting memory, attention, social 
interaction, balance and coordination are applied to multiple goal areas to determine their 
impact on physical, cognitive and social function (Kang et al., 2016). With a sample size of 
three, it is difficult to interpret the results from this study. 
The Development of Neurologic Music Therapy 
The 1990s, with advancements in technology and brain imaging techniques, saw a 
significant broadening of knowledge particularly in the area of neuroscience and music and 
brain function. This led to a greater understanding of music as a means of retraining the brain 
following an injury. While the work of Nordoff and Robbins and Dalcroze pre-empted much 
of the now confirmed knowledge around music and movement, these techniques were based 
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largely on interpretation and observation. The evidence provided by neuroscience opened the 
door to a more perceptual based model of music therapy, and the development of NMT with 
standardised protocols for training and re-training specific functional behaviours. Since then, 
both the role of music and its therapeutic value have broadened drastically. Up until that 
point, according to Thaut and his colleagues (2014), the benefits and therapeutic value of 
music was based largely on its impact on social and emotional health. 
NMT can be defined as “the therapeutic application of music to cognitive, affective, 
sensory, language and motor dysfunctions due to disease or injury to the human nervous 
system” (Thaut et al., 2014, p. 2). Its primary focus is the application of music to achieve 
non-musical goals. It is a strand of music therapy whose roots are guided by principles in the 
field of neuroscience (Thaut et al., 2014). NMT represents a shift in paradigm from music 
therapy as social science to neuroscience (Thaut et al., 2014). From a social science 
perspective, music in neurorehabilitation was viewed prior to the 1990s as being focused 
predominantly on well-being, social relationships and global emotional support (Thaut et al., 
2014). From a neuroscience perspective however, the role of music is to facilitate functional 
changes in sensorimotor, cognitive and speech and language domains. Moreover, the social 
science perspective is based on the cultural, interpretative and associative role of music while 
the neuroscience of music perception, cognition and production are the basis from the 
neuroscience perspective (Thaut, 2017).  
The development of brain imaging and brain-wave recordings has allowed for 
increased insight into the brain processes involved in the perception and production of music. 
With this new knowledge came evidence that music processing regions are shared with those 
involved in cognitive, motor and language functions. It is through this shared neural system 
that music can be applied to achieve non-musical outcomes. NMT techniques, currently 
twenty-two in total, can be categorised generally into three domains, namely, cognitive, 
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physical and communication. Each technique was developed from research data in 
neuroscience that was subsequently translated into functional clinical techniques in the 
transformational design model (TDM). The TDM is presented in chapter four.  
The primary focus of the present study is on the sensorimotor domain. In the sections 
that follow, the principles that underpin the present study and the neural implications and 
effects of music on brain processes relating to both gait and mood are discussed. Thereafter, 
each of the specific techniques, RAS, PSE and TIMP are presented. 
Music and Neuroplasticity  
The concept of neuroplasticity was discussed in the previous chapter in relation to 
physical and mood-related treatment approaches. It is examined here in relation to music, and 
the potential for music to drive and promote neuroplasticity.  
In its most simple form, a neuron may make a new connection and/or prune away a 
connection with another neuron (Stegemöller, 2014). It is also possible for this to happen on a 
much larger scale, whereby entire brain regions are reorganised in such a way that the region 
is responding to a new stimulus. These larger regions or networks that often serve the same 
function control human behaviour. Therefore, when trying to rehabilitate or restore 
behaviours that may be lost following an injury, cortical remapping is necessary in either 
restoring the old neuronal pathway or using an alternative one that has been relatively spared 
in the injury (Stegemöller, 2014). It has been shown that a change in circumstances alters the 
way in which specific areas of the brain respond to a given stimulus (Stegemöller, 2014). The 
cortical remapping depends firstly on the strength of the neuronal connection and the level of 
excitability between each region. Increased excitability is associated with increased action 
potential (Stegemöller, 2014). 
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It is widely reported that music promotes neuroplasticity (Magee, 2009; Magee et al., 
2017; Wan & Schlaug, 2010; Moore, 2013; Thaut & Hoemberg, 2014). There are a number 
of components that support the use of music to facilitate cortical remapping, primarily 
increasing dopamine levels and stimulating neural synchrony (Stegemöller, 2014).  
Dopamine is a neurotransmitter in the brain that is associated with motivation, 
reward-seeking behaviour and reinforcement learning. Simply listening to music stimulates 
dopaminergic regions therefore accessing and stimulating networks associated with 
motivation, reward-seeking and re-learning (Stegemöller, 2014). It is also reported to have an 
impact on regions related to emotional processing, highly relevant to this study (Stegemöller, 
2014). This provides a rationale for applying music therapy protocols to transfer 
dopaminergic firing from musical to non-musical behaviours to strengthen the cortical 
connections between the regions and facilitate the re-learning of lost functions.  
NMT: Underlying Principles 
Most physical exercise treatment programmes seek to improve strength, endurance, 
and range of motion to increase independence for individuals following an injury (Clark et 
al., 2012). Music has been reported widely to increase motivation during physical activity by 
providing distraction, reducing monotony and improving mood (Clark et al., 2012). Music, 
particularly rhythm, is physiologically arousing and has the capability to entrain movement 
and motivate engagement in exercise (Magee et al., 2017). Significant increases in duration 
of engagement in exercise have been reported (Kendelhardt, 2003).  
It is feasible to identify, therefore that music could be a key to increase engagement 
and motivation in rehabilitation and facilitate improved physical outcomes. Moreover, there 
is a significant body of evidence to demonstrate the efficacy of rhythmic auditory cuing in 
supporting and improving gait parameters. The evidence and underlying principles for 
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applying music-based treatments in physical rehabilitation with respect to gait training are 
presented in the sections that follow.  
Entrainment 
The perception of rhythm often leads to a process known as entrainment. Entrainment 
is the primary principle upon which the clinical aspect of this study is based, and the evidence 
that demonstrates the relationship between the auditory and motor cortices in the brain. 
Significantly, it represents a shift for music therapy and its application in rehabilitation, from 
largely interpretative models to perceptual models (Thaut et al., 2015). The technological 
advancements that have taken place over the past three decades allow for models to move 
beyond basic interpretation to more objective means of interpreting the effects of rhythm on 
neural processes. 
Entrainment refers to a temporal locking process in which one system’s motion or 
signal frequency entrains to that of another system (Thaut et al., 2015, p.1). It is two 
oscillating systems that form a common phase and period, in this case the auditory system 
and the motor system (Stegemöller, 2014). Sound, by its very nature exists only in specific 
time patterns. The auditory system detects these temporal auditory stimuli in a manner that is 
faster and more precise than the visual and tactile systems (Thaut et al., 2015). Research has 
shown the rich connectivity and links that exist between both the auditory and motor systems 
(Koshimori & Thaut, 2018). Communication between both areas are immediate and stable 
even below a conscious level (Koshimori & Thaut, 2018). These connections are widely 
distributed and occur at multiple levels, spinal cord, brainstem, subcortical and cortical levels 
(Thaut et al., 2015). An external rhythmic stimulus therefore elicits a response from and 
activates not only the auditory system, but also the motor system, so that the internal body 
rhythms are synchronised to the external rhythms.  
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Further, evidence shows that it is possible for an injured brain to access entrainment 
mechanisms (Thaut et al., 2015). Therefore, it is possible for rhythmic cues to serve as a 
continuous, regular timekeeper in the planning, initiation and execution of movements.  
Two areas of the brain that are associated with rhythmic movement are the basal 
ganglia and the cerebellum, and recent studies have shown the links between both (Koshimori 
& Thaut, 2018). The basal ganglia in the brain are involved in the internal time keeping and 
rhythmic perception. It is the basal ganglia that perceive the temporal intervals between 
external cues (Dalla Bella, 2018). The cerebellum is responsible for the pre-attentive coding 
of the cues (Dalla Bella, 2018).  
A study by Devlin et al. (2019) demonstrated the neural connections that result 
between the auditory cortex and cerebellum and the motor cortex and cerebellum with the 
presence of an external rhythmic cue. Moreover, links were observed between the basal 
ganglia and the premotor cortex in the resting brain (Devlin et al., 2019). A loss of internal 
rhythmicity results in deviations in gait, but through the recruitment of the links with the 
cerebellar regions via an external rhythmic cue, compensations can be made (Devlin et al., 
2019). In other words, where the basal ganglia are impaired as the result of an injury, it may 
be possible to recruit the cerebellum to compensate.  
Rhythmic entrainment stimulates and recruits the central patterned generators (CPGs) 
described in chapter two, on the spinal cord level, which promotes the coupling of the 
auditory and motor systems with no cognitive involvement (Devlin et al., 2019). In this way, 
it is conceivable that entrainment may still be possible even when people are experiencing 
cognitive difficulties post-injury.  
While rhythmic entrainment supports the coupling relationship between the auditory 
and motor systems, it is possible for neural networks to be entrained through sensory 
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stimulation, thereby recruiting and synchronising brain regions involved with both musical 
perception and non-musical behaviour (Stegemöller, 2014).  
Priming 
Priming is an important aspect of entrainment and is related to the ability of an 
auditory stimulus to recruit motor neurons at the spinal cord level and prepares or primes the 
motor system for movement (Thaut & Rice, 2014). Predictable, precise and continuous 
rhythmic cues prime and time the activation of muscles in planning and executing 
movements, resulting in improved responses and quality (Koshimori et al., 2019).  
Cueing the Movement Period 
Another important aspect relating to entrainment is the potential for an external 
rhythmic stimulus to act as a template that supports and enhances not only the execution of a 
movement, but also the planning of it. By providing a steady temporal template, the brain 
knows the duration of the cue period and can plan the movement.  
A common misperception about entrainment is that it is defined by the beat. However, 
it is in fact defined by the duration between each beat, or the rhythmic period (Thaut et al., 
2015). This is relevant to this study, particularly regarding visual observation of participants 
within sessions. For example, it is commonly assumed that the heel-strike in gait training will 
be entrained or in sync with the beat in a stable phase relationship. While this may be true 
sometimes, it is not the most important aspect and a stable phase relationship is not a pre-
requisite for entrainment to occur (Thaut, 2013). The emphasis is on the common rhythmic 
period, in other words, the duration between each heel-strike in walking will be in sync with 
the rhythmic period of the external cue. It is in this way that a rhythmic auditory stimulus 
provides an external cue for the entire movement cycle, supporting not only the heel-strike, 
but each sub-phase of the movement cycle, to use gait as an example.  
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Each of the principles described in this section along with the evidence for music and 
neuroplasticity provide the basis for all of the techniques used in the clinical work with the 
participants in this study. The following section will provide an overview of these techniques 
and the standardised protocol that they follow.  
NMT Sensorimotor Techniques 
There are three techniques within the sensorimotor domain in NMT: Rhythmic 
auditory stimulation (RAS); patterned sensory enhancement (PSE); and therapeutic 
instrumental music performance (TIMP). All three are context-specific motor tasks with 
feedback where the focus is on goal-directed movements and their repetition. Evidence 
supports the use of such context-specific tasks to optimise relearning functional behaviour 
(Rice & Johnson, 2013).  
Rhythmic Auditory Stimulation (RAS) 
RAS uses auditory rhythmic cues to facilitate the rehabilitation and learning of 
intrinsically and biologically rhythmical movements (Rice & Johnson, 2013). This includes 
gait rehabilitation, the primary focus of this study. Each of the principles above, namely 
entrainment, priming and cueing the movement period form the foundational principles for 
RAS.  
RAS works in two ways (Thaut & Abiru, 2010). Firstly, it behaves as an immediate 
entrainment stimulus, recruiting the CPGs at spinal cord level, facilitating an immediate 
response. Secondly, it facilitates gait training by providing the rhythmic stimulus, thus 
promoting changes in the overall gait pattern. It provides a continuous external time reference 
and template for planning and executing gait movement. Client centred, the cue tempo is set 
at a level at which the individual performs optimally and will be increased incrementally as 
he/she stabilises to each level or frequency (Rice & Johnson, 2013).  
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It is important to explain some terminology that will be used in relation to gait 
parameters. Velocity in this context refers to the speed at which an individual is walking and 
is generally measured in metres per second (m/s). A step consists of the distance between the 
heel-strike of one foot to the heel-strike of the other foot. The number of steps per minute is 
referred to as cadence. Finally, the stride length refers to the distance from the heel-strike of 
one foot to the heel-strike of that same foot again and is usually measured in metres (m).  
The technique follows a six-step protocol, developed by Thaut (2005): 
1. Assessment of current gait parameters: A timed 10m walk test is recommended here 
to establish a baseline for velocity, cadence and stride length (Thaut & Rice, 2014). 
2. Resonant frequency training and pre-gait exercises: This step involves adding the 
rhythmic cue with a metronome and music with a strong 2/4 meter. The tempo is 
dictated by the cadence recorded in step 1. PSE exercises are used here as pre-gait 
exercises (Thaut & Rice, 2014).  
3. Incremental frequency modulation (5-10%): As an individual’s gait pattern improves, 
the tempo of the external rhythmic cue is increased in increments of between 5 and 10 
per cent. The tempo can also be decreased in cases in which an individual may be 
walking too fast, thus compromising their safety (Thaut & Rice, 2014).  
4. Advanced gait exercises: This step presents some of the challenges involved in 
everyday walking, such as changes in tempo, walking backwards, turning and walking 
through an obstacle course.  
5. Fading the musical stimulus: At this point, the metronome and musical stimulus is 
faded out while an individual is still walking, to assess if any changes as a result of 
the external cue are maintained.  
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6. Re-assessment of gait parameters: The same outcome measure as was used in step 1 is 
used again during this step, to record any changes in velocity, cadence and stride-
length.  
Intensive gait training with RAS results in improved balance, increased energy and 
mobility for people following a chronic hemiparetic stroke (Cha et al., 2014). Hayden and 
colleagues (2009) evaluate the efficacy of embedding RAS within the standard physical 
therapy process and findings show significant increases in velocity, cadence and stride length. 
Importantly, RAS is reported to fit readily into existing physical therapy practices (Hayden et 
al., 2009).  
In a recent study spanning 24 weeks, Thaut et al. (2019) report that the most 
significant gains in relation to gait were made in the first eight weeks of daily treatment. Kim 
et al. (2012) compared the impact of RAS and the neurodevelopmental, Bobath approach 
described in chapter two. Results in relation to the spatiotemporal gait parameters for 
participants were significantly in favour of RAS.  
There is a paucity of existing studies relating to sensorimotor techniques with children 
and adolescents with ABI. Kim et al. (2016) investigated the impact of RAS on gait for 
adolescents following an ABI, and report an increase in velocity, cadence and stride length. 
Additionally, RAS results in enhanced anticipatory muscle control as well as a decrease in 
temporal variability of movements through the regularly paced, predictable external cue (Kim 
et al., 2016). Kwak (2007) reports improvements in response to RAS for children with 
cerebral palsy.  
Patterned Sensory Enhancement (PSE) 
PSE recruits several musical elements, such as rhythm, melody, dynamics and 
harmony to provide spatial, temporal and force cues that support functional movement 
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patterns (Rice & Johnson, 2013). While temporal cues are the focus in RAS, all available 
musical components can be employed within PSE to promote and facilitate discrete 
movements and movement patterns. Goals commonly associated with PSE include increasing 
physical strength and endurance, improving balance and posture and increasing functional 
motor skills (Thaut, 2005).  
Therapeutic Instrumental Music Performance (TIMP) 
TIMP involves the stimulation of both sensation and perception in the audio, visual, 
tactile and proprioceptive aspects of motor control (Rice & Johnson, 2013). By playing 
specifically chosen and strategically placed instruments to provide opportunities to retrain 
target movements, TIMP allows the participant to become an active element of the music. 
Instruments are played in a traditional and non-traditional manner in a way that demands 
specific patterns of movement. The focus in TIMP is on the qualitative aspects of movement 
such as range of motion, trajectory, priming and timing (Street et al., 2015). The strategic 
positioning of instruments can facilitate these elements.  
Generally, a familiar song is played while engaging in TIMP. As with RAS and PSE, 
the use of the metronome to maintain the steady rhythmic cue is important. In addition, the 
principles of entrainment and priming are vital underpinnings during TIMP.  
All three sensorimotor techniques have previously been combined to assess their 
efficacy in improving spatiotemporal gait parameters with adults with Parkinson’s disease 
(Bukowksa et al., 2016). Significant improvements are reported, a positive signal for the 
present study, which seeks to combine all three techniques with a population with ABI.  
Internal Singing 
An early study by Thaut et al. (1996) in the development and evaluation of the RAS 
protocol found that people could recall the gait cadence from the rhythmic cue that they had 
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walked to the previous day. This suggests that participants can potentially recall the rhythmic 
cue and hence, the cadence, outside of clinical sessions. A recent study assessed the 
immediate effects of what is described as “mental singing,” while walking, on gait 
impairments following a stroke (Lee et al., 2018). Participants were trained to sing a familiar 
song at a specific tempo in their head while walking. Significant improvements in relation to 
velocity, cadence and stride length are reported from this study (Lee et al., 2018).  
Music, Music Therapy and Mood 
The mood-related sequelae following an ABI are discussed in the previous chapter. 
From a basic, anecdotal level, most people have daily interactions with music, and it is often 
used as a strategy to relax and reduce stress, thus improving mood (De Nora, 2000). It is also 
widely used as a motivational tool while working out or engaging in exercise to enhance 
performance and increase endurance (De Nora, 2000). It is understandable then, how this 
connection to music can be harnessed and used as a medium to promote and increase mood 
outcomes following a neurological injury. It can perhaps also serve as a motivational tool to 
enhance engagement in the rehabilitation process.  
There is a growing evidence base for the application of music listening for improving 
mood following an ABI (Särkämö et al., 2008; Moore, 2013). However, comparatively 
speaking, there is significantly less available research on mood sequelae than the functional 
physical, cognitive and communicative sequelae. Furthermore, the evidence that does exist, 
while providing encouraging potential for the application of music therapy techniques for 
mood outcomes, rarely provides detailed descriptions regarding the specific techniques 
employed. This section presents the literature relevant to the use of music for adults and 
children to improve mood outcomes following an ABI.  
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Music and Mood 
Särkämö et al. (2008) demonstrate that listening to music during the early post-stroke 
phase can help prevent negative mood. Disruptions to mood and mood disorders can have 
negative implications for functional recovery as well as adherence to treatment in the 
rehabilitation process (Raglio et al., 2015).  
Music may offer people who are living with an ABI the opportunity to process, cope 
with and adjust to their situation and come to terms with their life post injury. Forsblom et al. 
(2009) state that music listening following a stroke can have positive physical and mental 
affects, allowing individuals to relax and improve mood outcomes.  
Karageorghis & Terry (1997) report that music is linked to improved mood during 
exercise in healthy adults. Within the rehabilitation setting, music has also been shown to 
have a positive effect on mood during exercise (Clark et al., 2012). Moreover, it has been 
stated that “all movements are strongly linked to emotions – pleasure or anxiety – processed 
by the limbic system” (Ioannou et al., 2016, p. 22). Nayak et al. (2000) contend that rhythm 
can influence physiological and emotional responses simultaneously. This is corroborated by 
Jeong & Kim (2007) who report improved mood outcomes as well as increased motor 
function. Poćwierz-Marciniak & Bidzan (2017) suggest that by improving physical outcomes, 
the consequent increase in independence and quality of life may lead to enhanced mood 
outcomes. 
Music provides a non-verbal way of communicating feelings that may be difficult to 
express or discuss and provides an appropriate platform to express strong emotions such as 
anger and fear (Baker & Tamplin, 2006). Blood & Zatorre (2001) report that music that 
elicits chills stimulates brain activity in regions affecting motivation, emotion and arousal. 
Importantly for this study, music therapy treatments show positive effects for decreased 
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anxiety and depression and for increased mood outcomes (Guétin et al., 2009; Thaut et al., 
2009; Raglio et al., 2015; Moore, 2013; Magee & Davidson, 2002). A previous study by 
Magee & Davidson (2002) presents music therapy as an effective treatment in supporting 
positive mood changes. A qualitative aspect is encouraged in addition to standardised 
measures in order to establish individual differences and perceptions of participants (Magee 
& Davidson, 2002).  
A Case for Personally Selected Familiar Music 
There is significant evidence to suggest that the use of familiar and preferred music 
can elicit enhanced responses both for healthy individuals and, individuals living with 
disability and ABI. The existing evidence is presented in the sections that follow. 
Neural Implications 
Music that evokes emotions engages almost the whole limbic and paralimbic system 
(including the amygdala, hippocampus, para-hippocampal gyrus, nucleus accumbens, ventral 
tegmental area, anterior cingulate and orbitofrontal cortex) (Särkämö & Soto, 2012). Familiar 
music engages a diffuse fronto-temporoparietal network and is associated with heightened 
positive affect (Särkämö & Soto, 2012). The activation of such a widespread and diffuse 
brain network suggests that long term changes in neuroplasticity can be promoted particularly 
in areas that process music-evoked emotions (Särkämö & Soto, 2012). Thaut et al. (2009) 
report that music provides a non-invasive way of engaging the emotional centres of the brain 
and significantly decrease levels of anxiety and depression. 
Altenmüller (2013) demonstrated increased feelings of pleasure and alertness and a 
decrease in anxiety while participating in music through the neurochemical release in the 
brain. Music that elicits chills is associated with increased cerebral blood flow (Chanda & 
Levitin, 2013). Blood & Zatorre (2001) demonstrated pleasurable responses to personally 
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selected music with an increase in cerebral blood flow in cortical regions associated with 
reward and arousal. Särkämö & Soto (2012) contend that emotions are often associated with 
hormone secretion, specifically cortisol and testosterone. Dopamine levels are also 
implicated, with increased dopamine levels generally reflecting increased positive affect 
(Särkämö & Soto, 2012). Listening to personally pleasurable and preferred music results in 
increased levels of dopamine, which in turn generally has a positive effect on mood and 
emotions (Särkämö & Soto, 2012). Dopamine is also involved and regulates motor activity as 
discussed in the previous chapter, but it also assists in regulating arousal levels, motivation 
and goal-directed and pleasure-reward behaviours (Chanda & Levitin, 2013). In addition to 
dopamine secretion, music has also been shown to reduce levels of cortisol, the 
neurochemical associated with stress and depression (Chanda & Levitin, 2013; Särkämö & 
Soto, 2012).  
The amygdala is the part of the brain involved in reacting to emotions (Moore, 2013). 
It is deactivated during pleasant, familiar music and is activated during unfamiliar, 
unpredictable and dissonant music. The amygdala is responsible for responding to stimuli 
that represent a threat (Moore, 2013). In this way, if the sensory information is considered 
unthreatening, its activity decreases, thus explaining its deactivation in response to familiar, 
predictable and preferred music. 
Emotive Implications 
Familiar songs that carry personal associations and temporal properties enhance their 
emotional content and meaning (Magee, 2007). The associations, meaning and memories 
linked to familiar songs are highly personal (Batt-Rawden et al., 2009). Temporally, familiar 
songs often hold personal associations with the past, people, memories, relationships, and 
previous abilities that may have been lost due to injury. In this way, the use of personally 
selected music may allow people to acknowledge, express and process emotions and feelings 
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that may be difficult to express verbally. Magee (2007) contends that using music in this way 
lends itself to a more genuine and authentic expression of true emotions.  
Participants living with illness and disability in a study by Batt-Rawden et al (2005) 
reported that musical choice offered them the opportunity to reflect on their current life phase 
and situation and offered a sense of calm and predictability. The personal nature of music is 
highlighted and the importance of avoiding the use of standardised music “in the belief that 
this will make everybody feel better” (Batt-Rawden et al., 2005, p.132). This is an important 
consideration for the present study and highlights the need for participants to have a voice in 
the selection of music.  
Lingham & Theorell (2009) conducted a study in which healthy individuals self-
selected their favourite stimulatory and sedative songs to assess their emotional and 
physiological impact. Research indicates that preferred music may have different 
psychophysiological effects than non-preferred music. Self-selected stimulatory music 
induced increased feelings of elation, joy and energy. On the other hand, the self-selected 
sedative music induced the same increased feelings of joy, elation and energy, but increased 
feelings of calmness and relaxation were also recorded (Lingham & Theorell, 2009). 
Physiologically, the stimulatory music increased the heart rate and respiratory rate and 
decreased levels of carbon dioxide in exhalations, while the sedative music induced a slight, 
but significant increase in heart rate (Lingham & Theorell, 2009).  
Autonomy 
The use of familiar pre-composed music reportedly increases one’s sense of self and 
control for people coping and adapting to living with a chronic illness (Magee, 2007). 
Ramaswami & Silverman (2019) reviewed the evidence for using preferred live music with 
adults in medical settings. They illuminate the empowering effect that choice and autonomy 
may offer people in medical settings, who may otherwise have little opportunity for choice 
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(Ramaswami & Silverman, 2019). Having the opportunity to choose preferred music may 
also give individuals an increased sense of control over their environment and their situation. 
Significant evidence is also presented in support of live music as opposed to pre-recorded 
music in eliciting more positive results (Ramaswami & Silverman, 2019). 
Given the mounting evidence and the focus on mood in the present study, it seems 
crucial that self-selected familiar music be adopted within the design of clinical work. 
Furthermore, the incorporation of humanistic elements, an important aspect of the present 
study, further supports the autonomy and choice that the use of personally selected and 
familiar music offers to participants.  
Critical Perspectives of NMT 
Within the music therapy discipline, and particularly within the field of 
neurorehabilitation, there is an increased need and demand for evidence of outcomes and 
clearly demonstrable effects of music for individuals following ABI (Daveson, 2008). NMT 
provides such a framework that clearly demonstrates the evidence and rationale for 
translating basic neuroscientific research into music-based techniques.  
Brodsky & Briggs (2016), however, assert that when Nordoff & Robbins (1977) 
discussed applying rhythm to build muscle control and anticipate the beat to facilitate 
movement, they were describing the same process as that of NMT. However, each of the 
techniques within the NMT approach are underpinned by basic neuroscience research relating 
to the neural perception and production of music. While approaches such as Nordoff & 
Robbins and Dalcroze Eurhythmics bear similarities to NMT, the theoretical and scientific 
base of NMT techniques separates them from the former approaches. Similarly, Brodsky & 
Briggs (2016) argue that traditional approaches within music therapy employ most of the 
techniques in NMT. The former approaches are based largely on interpretative practices, 
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while NMT represents a perceptual-based practice. Finally, NMT techniques are endorsed for 
use in the neurorehabilitation setting by the World Federation of Neurologic Rehabilitation, 
the European Federation of Neurorehabilitation Societies and the International Society for 
Clinical Neuro-musicology.  
Collaboration 
NMT is well suited to collaboration with other disciplines. Rice & Johnson (2013) 
contend that collaboration in motor rehabilitation can be enhanced by integrating multiple 
perspectives and expertise knowledge. McNab (2010) recommends the collaboration of 
music therapists with other health care professionals in both decision-making processes and 
the delivery of treatment programmes.  
The three NMT sensorimotor techniques emphasise goal-directed movements and 
repetition with immediate musical or rhythmic feedback and they are devised in a way that is 
extremely conducive to collaboration with other members of the IDT.  
NMT is well suited to collaboration not only within physical rehabilitation but also in 
supporting psychological outcomes for people following ABI. Nayak et al. (2000) suggest 
that music therapy can complement the work of psychologists and help to minimise negative 
mood-related distress. This may be implemented through close liaison with psychologists 
during the assessment phase to identify people for whom music therapy may benefit. Joint 
sessions with psychologists may also provide the opportunity for them to observe an 
individual in a different environment to their norm, a creative, goal-directed environment 
where motivation and engagement levels may be heightened.  
NMT and Engagement 
Evidence-based practice seeks approaches that integrates personal preferences, 
clinician’s research knowledge and clinical experience (Kristensen, Praestegaard & 
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Ytterberg, 2017). Furthermore, they posit that success in the rehabilitation process depends 
primarily on motivation, which in turn depends on the congruence of personal goals and the 
goals within the rehabilitation process (Kristensen, Praestegaard & Ytterberg, 2017).  
Music therapy treatment has an important part to play in the rehabilitation and 
treatment for people following an ABI. Not only does it provide opportunities for achieving 
something musically while re-learning functional skills, it has also shown positive results in 
improving mood and increasing engagement levels. 
The capacity for music to engage people in active participation may result in 
increased involvement in rehabilitation, improved mood, decrease levels of depression, 
anxiety and confusion (Magee, 2009). Withdrawal, apathy and depression, typical sequelae 
following ABI, can restrict engagement in the rehabilitation process (Magee et al., 2011). 
Personally tailored individual music therapy may increase engagement levels. Evidence from 
neuroscience demonstrates that simply listening to music stimulates responses from brain 
regions associated with arousal, reward and motivation (Blood & Zatorre, 2001).  
Devlin et al. (2019) contend that the motivational effects of music can accelerate 
engagement and facilitation of motor learning. Kim et al. (2016) strongly advise the 
consideration of personal choices and musical preferences in the use of music for movement 
while not compromising the regularity of the rhythmic cue, as a way of enhancing motivation 
and engagement in brain injury rehabilitation. Increased endurance is the reported result of 
such a treatment (Kim et al., 2016). They recommend that future studies adopt this approach 
but additionally elicit the perceptions of participants regarding the inclusion of personally 
preferred music in RAS, an aspect adopted by the present study. While the metronome 
maintains the steady beat necessary for rhythmic entrainment in NMT techniques, it is 
suggested that musical aspects above that beat may lead to increased improvements (Yoo & 
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Kim, 2016). In selecting songs and personally preferred music, appropriate tempo and meter 
is imperative to facilitate the retraining of targeted movements, such as gait training. Street et 
al. (2015) postulate that music therapy can increase motivation and improve mood for 
individuals who are experiencing decreased engagement and motivation levels. The use of 
familiar and personally selected music is widely recommended for increasing motivation and 
rehabilitation outcomes amongst individuals following an ABI (Magee et al., 2011).  
The capacity for live music, played by a music therapist, to adapt to the desired tempo 
and meter, according to the target movement and an individual’s current parameters, justifies 
its application in the neurorehabilitation setting. A systematic review by Weller & Baker 
(2011) indicates that live music is optimal in the delivery of therapy, as it offers in the 
moment adaptation to client responses and needs (Weller & Baker, 2011).  
Conclusion 
This chapter gives an overview of the current evidence and research in the field of 
music therapy and NMT relating to physical and psychological rehabilitation, specifically 
gait and mood. The principles underlying each aspect of the present study are described in 
detail. Each of the specific techniques are outlined with previous studies that have employed 
their protocols.  
There are no identified extant studies that assess the impact of the combined 
sensorimotor techniques on the spatiotemporal parameters of gait, while simultaneously 
assessing changes in mood for adults and children following an ABI. Moreover, a large gap 
in the literature was identified in relation to children and adolescents who are living with an 
ABI.  
In relation to mood, there is a significant body of evidence to suggest that music, 
particularly personally preferred music, can have a positive impact on mood, particularly in 
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relation to anxiety and depression. There is however a significantly smaller body of research 
describing the use of specific music therapy techniques to target mood sequelae.  
Hypothesis 
Based on the information presented in this and the previous chapter, this researcher 
hypothesises that: 
1. The combination of RAS, PSE and TIMP will result in positive changes in relation to 
velocity, cadence and stride length for both adults and children living with an ABI.  
2. The use of personally selected, familiar music will increase motivation and 
engagement levels for participants, while having a positive impact on their mood.  
3. It is possible for NMT techniques to improve primary goal areas and secondary goal 
areas simultaneously.  
The chapter that follows, chapter four, outlines the aims and objectives of the study 
and presents the study design as well as the philosophical perspectives and theories guiding 





Research Worldview and Methodology 
This chapter describes the philosophical perspective underpinning this research. It 
presents the worldview and philosophical assumptions as well as the theoretical lens that 
inform the methodological approach. This follows the framework provided by Creswell & 
Plano Clark (2011) and Crotty (1998). Methods of data collection, (the final level in the 
figure 2 below), will be presented separately in chapter five. Each element will be described 
with a rationale for its use within this research. This chapter also serves as the foundation for 
the specific methods set out in the next chapter.  
Figure 2 







Study Aims and Objectives 
This study aims to assess the feasibility of NMT to support the physical rehabilitation 
and mood related goals for both adults and children who have an ABI.  
There are several objectives within this broad and overarching aim. Firstly, the study 









TIMP) have an impact on the selected spatiotemporal gait parameters for the participants. 
Simultaneously, it seeks to assess the impact of the musical treatment on mood for 
participants. Furthermore, it seeks to elicit the perceptions of participants of their experience 
of NMT in relation to achieving therapeutic goals post-treatment.  
Research Questions 
The overarching research question that this study seeks to answer is whether it is 
feasible to support both physical rehabilitation (namely gait), and mood through the 
combined use of NMT sensorimotor techniques for adults and paediatric participants who 
have an ABI in a rehabilitation setting. To answer this broad research question, several 
specific questions arose. 
1. What is the impact of the three NMT sensorimotor techniques (RAS, PSE and TIMP) 
on the selected spatiotemporal parameters of gait for adults and children who have an 
ABI? 
2. What are the self-reported effects on mood of the NMT treatment amongst 
participants? 
3. What are the perceptions of participants on the impact of NMT in contributing 
towards the achievement of physical and mood related goals? 
4. What are the perceptions of physiotherapists in relation to the achievement of gait-
related goals through NMT treatment as part of the IDT? 
It appears that the research, in seeking to gain an in-depth perspective of the impact of 
NMT techniques, involves a mix of both deductive and inductive methods. The worldview 
and theoretical frameworks that guide the investigation were central in informing the research 




All research has a philosophical foundation and researchers must explore their own 
assumptions regarding the acquisition of knowledge throughout their study (Creswell & 
Plano Clark, 2011, p.38). It is clear from Figure 2 above that the selection of a suitable 
philosophical foundation is imperative, as it provides a foundation for all aspects and 
subsequent stages of research.  
These assumptions are referred to as paradigms or worldviews. This study will adopt 
the term worldview in the discussion of philosophical assumptions. Creswell & Plano Clark 
(2011) present four such worldviews that can inform research. These comprise postpositivist, 
constructivist, participatory and pragmatic worldviews. Table 3 presents an overview.  
Post-Positivism 
This worldview is often associated with quantitative research and is based on 
determination or cause-and-effect thinking, reductionism or the focusing on select variables 
to interrelate, empirical observation and measurement of variables and testing theories 
(Creswell & Plano Clark, 2011, p. 40).  
Constructivism 
This worldview is primarily associated with qualitative research. In order to gain a 
deeper understanding of phenomena, participants and their subjective views represent this 
worldview. When participants provide data, they present their own history and experiences 
based on social interactions with others. Here, a bottom up approach to research is taken, 
starting from the individual perspective moving to the broader patterns (Creswell & Plano 





Worldviews (Creswell and Plano Clark, 2011, p. 42) 
Worldview 
Elements 
Post-Positivism Constructivism Participatory Pragmatism 
Ontology Singular reality  Multiple realities Political reality Singular and 
multiple 
realities 
Epistemology Distance and 
impartiality 
Closeness Collaboration Practicality 
Axiology Unbiased Biased Negotiated  Multiple 
stances 
Methodology Deductive Inductive Participatory Combining 






This worldview is often influenced by political issues and the need to improve some 
element of society. Researchers frequently collaborate with individuals experiencing injustice 
in aspects such as empowerment, marginalisation and patriarchy with the overall aim to 




Pragmatism is often associated with mixed methods research. The primary focus is on 
the consequences of the research and the importance of the question being asked rather than 
the methods. It can involve the use of multiple methods of data collection to inform the 
research problem. It is therefore pluralistic and “oriented toward what works and practice” 
(Creswell & Plano Clark, 2011, p.41).  
Each of the worldviews outlined above share some commonalities. Table 3 shows the 
major differences in relation to ontology, the nature of reality; epistemology, how we gain 
knowledge of what we know; axiology, the role values play in research; as well as the 
methodology and rhetoric or language of research. These elements influence all stages of an 
inquiry as shown in Figure 2.   
Selected Worldview 
A pragmatist worldview is assumed by the researcher in this study. Pragmatism 
values both objective and subjective knowledge, drawing on diverse methods and includes a 
practical and what works best approach (Creswell and Plano Clark, 2011). Therefore, it 
allows for the integration of both empiricist and rationalist ways of knowing (Scott & Briggs, 
2009). It views practical activity and action as the foundations and test of knowledge 
(Cornish & Gillespie, 2009). The primary focus of this researcher was to answer the research 
questions and to fulfil the study aims. Tashakkori & Teddlie (2003a) posit that the research 
question should be the primary focus that guides the underpinning philosophy and the 
selected method.  
Pragmatism is pluralist in that it accepts various forms of knowledge, critical in 
questioning whether the purpose is being served and is action-based in that everyday issues 
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and action is viewed as most pertinent reality (Cornish & Gillespie, 2009). Furthermore, 
pragmatism takes a holistic perspective of the human being (Morrison, 2016).  
This researcher acknowledges that the outcomes and data generated as a result of this 
practical and clinical-based research may have implications for future clinical practice. 
Anastas (2012) recommends pragmatism as a framework for practice-relevant research. The 
pragmatist approach does not reject either experimental or non-experimental data, which 
“helps to bring research and practice closer together” (Anastas, 2012, p.158). Cornish & 
Gillespie (2009) similarly posits pragmatism as a “productive approach to evaluating health-
related knowledge” due to its position on knowledge as a tool for action (Cornish & 
Gillespie, 2009, p.802). Consequently, knowledge should be assessed according to whether 
its purpose was served (Cornish & Gillespie, 2009). Scott & Briggs (2009) also highlight the 
point that medical practice by its very nature, is pragmatist, particularly in clinical judgement 
and clinical reasoning, both relevant and important aspects for music therapy clinical 
practice.  
Pragmatism is value-based since it involves determining the most useful and practical 
means of achieving knowledge. However, the music-therapy profession is also value-based, 
regardless of what approach is being adopted, making the pragmatist worldview highly 
relevant. Consequently, it makes sense that research in the field is aligned with the clinical 
practice paradigm.  
Within the pragmatist worldview, equal validation is given to deductive and inductive 
knowledge. The importance of experience is acknowledged in the production of scientific 
knowledge (Morrison, 2016). The views and perceptions of clients and professional experts 
are thus allowed in the process of determining what works (Anastas, 2012; Scott & Briggs, 
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2009). This aligns with this researcher’s worldview, who views the voice of participants and 
the IDT as vital in evaluating the impact of NMT treatment.  
The process of reasoning within the pragmatist perspective is abductive, which 
involves continuously moving back and forth between inductive and deductive reasoning. It 
has been referred to as the “logical connection made by researchers between data and theory” 
(Feilzer, 2010, p.10). Morgan (2007) rejects the notion that results arising from research can 
either be so unique not to apply to other settings, or similarly, that they are so generalised that 
they can be applied to any possible setting. In a pragmatic approach, the focus is on how the 
findings and results in one setting can be best applied to other contexts and settings (Plano 
Clark & Creswell, 2008). 
Ontology 
Ontology refers to the study of being and of reality. It is the study and understanding 
of what exists, or what there is (Wallace, 2015). Reality can be taken to consist only of facts 
about the material world or can be viewed as being made up of social constructions, which 
involve human understanding (Wallace, 2015). 
The ontological perspective of this researcher, and this research is critical realist, with 
the assumption that knowledge is a social product that is not independent of those who 
construct it, but knowledge is also of things that are not produced by, and are independent of 
the knower (Bhaskar, 1975). There is an objective reality but there is also some doubt as to 
how this objectivity can really be achieved. Critical realist research assumes that reality exists 
independently of human thought and belief or knowledge of their existence (Yucel, 2018). 
However, it is interpreted through social conditioning. 
This researcher recognises that his own presence has an influence on what is known. 
Furthermore, the participants’ presence and experience have an influence on what is known.  
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The critical realist ontology is particularly compatible with the pragmatist worldview 
(Scott & Briggs, 2009). It permits the integration of subjective and objective data, important 
for the present study, which seeks to gain the subjective perceptions of NMT as well as 
measure quantitative outcomes. Critical realism rejects both “verification and falsification as 
definitive arbiters of reality” (Scott & Briggs, 2009, p 230).  
Bhaskar proposed three domains in which to view knowledge and reality: The real, 
which are causative agents that contribute to the understanding of the actual, but are not fully 
explanatory; the actual, which is what is going on that may not be observed; the empirical, 
which is what can be observed or experienced (Walsh & Evans, 2014). 
Epistemology 
The epistemological stance of this research is pragmatist, based on the Rational-
Scientific Mediating Model (R-SMM).  
Rational-Scientific Mediating Model (R-SMM) 
The R-SMM is an empirical framework for the clinical applications of music that is 
constructed around parallel neurological processes involved in musical perception and 
production and those involved in physical, cognitive and emotional processing (Thaut, 2000). 
This framework is based on neuroscientific evidence and guides music therapy research. The 
model identifies the parallel processes that enables the clinician to understand the connections 
between musical behaviour and non-musical behaviour. Furthermore, it provides a 
framework that enables researchers to articulate the specific mechanism of therapeutic 
change, predict outcomes and interpret findings (De L’Etoile et al., 2012).  
The R-SMM relies on scientific evidence that demonstrates how music affects the 
brain and applies this to functional behaviour, using the neuroscience model of music 
perception to guide music therapy research (De L’Etoile et al., 2012). The neuroscience-
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informed music therapist seeks to understand how “music activity and experiences operate at 
a neural level integrating cortical activity, shaping neuroplasticity and wide-ranging neuro-
hormonal activity” (O’Kelly, 2016, p.1). Research demonstrates that music does not engage 
any one music-specific brain region, but rather engages several regions, from spinal and sub-
cortical levels to cortical regions (Thaut et al., 2014). In this way, it has been shown that 
music engages neural networks and brain regions that are shared with non-musical cognitive, 
motor and language function (Thaut et al., 2014). Based on this knowledge, it becomes clear 
how music can behave as a mediating device between the perception of music and the 
training or re-training of non-musical behaviour and function.   
The R-SMM, developed by Thaut (2005) consists of four levels to guide music 
therapy research. Level I is the music response models, which refers to research which is 
aimed at gaining an understanding how music is processed and produced in the brain as well 
as the brain’s response to music (Thaut, 2005). Research in level II of the model focus on 
non-musical behaviour and brain function. These behaviours may eventually be targeted 
through therapeutic techniques across a range of functional behaviours in the sensorimotor, 
cognitive, communicative and social and emotional skills (Thaut, 2005). Research at this 
level identifies the neural processes, bodily systems and perceptual processes involved in 
these functional behaviours (De L’Etoile et al., 2012). While research at level II does not 
directly involve music and is generally not conducted by music therapists, it is imperative 
that music therapy researchers and clinicians alike are familiar with the existing research at 
this level, to inform further research studies as well as clinical practice. Research from levels 
I and II undergo comparative analysis to assess whether there are any parallel brain processes 
at play between the musical and non-musical behaviours. Such a parallel process forms the 
explanation as to how music will facilitate a change in functional behaviour.  
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The third level within the R-SMM comprises mediating models, which aim to test the 
parallel processes identified in level II by assessing the immediate or short-term impact of 
music on human behaviour. 
The fourth and final level within the R-SMM progresses to systematic, clinical 
research. At this level, research seeks to assess the impact of a specific therapeutic protocol 
on the long-lasting functional behaviour of participants. Research in level IV can only be 
conducted when each of the first three levels have provided a scientific foundation (Thaut, 
2005).  
Through the sequential completion at each level, the R-SMM provides a scientific 
framework to allow researchers identify the underlying mechanisms of change for NMT 
techniques (De L’Etoile et al., 2012). The accessibility of this evidence-based framework for 
clinicians of other disciplines is particularly important and relevant within the rehabilitation 
setting, where interdisciplinary teams collaborate within goal setting, assessment, treatment 
and evaluation stages. Clinicians who may not be familiar with the musical perception 
evidence and principles can easily follow the logical evidence-based framework.  
Transformational Design Model (TDM) 
The TDM utilises information and data generated by the R-SMM and translates it into 
specific music-based therapeutic techniques through a six-step process.  
Assessment in any evidence-based therapy is imperative firstly to ensure the selection 
of an optimal care plan and secondly to monitor progress. Thaut (2014) asserts that the 
clinical techniques that are selected must be defined and standardised into a protocol and 
must be backed up by research regarding their efficacy. NMT, through its adoption of the R-
SMM is the translation of research and therefore fulfils both in terms of presenting a 
consistent protocol that is rooted in evidence from research data (Thaut, 2014).  
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The six steps of the TDM, based on Thaut (2014, p. 62) are listed below. 
1. Diagnostic and clinical assessment 
2. Development of appropriate and measurable therapeutic goals and objectives 
3. Design of functional non-musical exercises and stimuli to accomplish goals 
4. Translation of step 3 above into functional therapeutic musical exercises 
5. Reassessment to measure outcomes 
6. Transfer therapeutic learning to activities of daily living (ADLs) 
Each stage of the TDM is common to all rehabilitation therapy disciplines with the 
exception of step 4. Step 4 involves translating functional exercises into music-based 
exercises that can be employed to achieve therapeutic goals. This step is underpinned by 
three basic principles (Thaut, 2014): scientific validity, musical logic and structural 
equivalence.  
Firstly, the scientific validity refers to the consideration of the parallel processes 
identified in the R-SMM. The second principle is that the musical aspect and experience must 
be aesthetically well-composed and performed, whether it is active or receptive. Structural 
equivalence refers to the congruence between the functional target outcome and the 
functional music therapy technique.  
Regarding the TDM, Thaut states that “this approach also ensures person-centred 
rather than discipline-centred therapy programs” (Thaut, 2014, p.63), a concept that is aligned 
with this researcher’s stance. The TDM conforms to the typical model used in rehabilitation 
settings which further supports its use within this study’s setting, where emphasis is placed 
on collaboration and interdisciplinary working, with members of each discipline working 




Although the R-SSM can be adopted as an epistemology, the scientific and objective 
evidenced-based approach could not encapsulate the research as a whole. This researcher 
views objective data collection in experimental testing, as guided by the R-SMM, as an 
important element. Therefore, the primary mode of data collection was that gathered by 
experimental tests. However, the researcher also recognises that knowledge cannot be 
separated from that of the knower and the context in which the knowledge exists. In this way, 
there may be multiple interpretations. In this study, the perceptions of participants and key 
IDT members are elicited in order to gain a more in-depth answer to the research questions. 
Pragmatism seeks to determine what ideas are useful for achieving good (Anastas, 2012). 
Consequently, knowledge is value-based, and bias must be acknowledged. 
The R-SMM and TDM provide a consistent and robust framework from which to base 
most of the research elements of this study. Each level of both models was followed 
throughout the research process. Gaining knowledge of the parallel processes, translating the 
functional goals into musical exercises to provide the basis for clinical sessions, the 
quantitative outcome measures and assessment procedures were all guided by these models.  
Notwithstanding the foregoing, for this researcher, there are some important elements 
of the study that are not acknowledged within the neuroscience-informed R-SMM and TDM. 
These relate particularly to concepts of agency and relationality. While most elements of the 
research are reductive in nature, there is an obvious inductive element in eliciting the 
perceptions of participants.  
Theoretical Lens 
This study seeks to assess the impact of a specific therapeutic treatment programme 
for adults and children who have experienced an ABI. Therefore, a theoretical lens through 
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which both the clinical and research elements of the study could be viewed, were deemed to 
be optimal.  
A theoretical lens in research refers to a stance taken by the researcher that provides 
direction for many phases of the study (Creswell & Plano Clark, 2011, p.47). The Rational-
Scientific Mediating Model (R-SMM) upon which NMT techniques and research are based, 
guide the clinical aspect of this research. The Transformational Design Model (TDM) was 
then employed to translate the findings from the R-SMM into the functional practice in music 
therapy sessions.  
Although the R-SMM provides a structure upon which to base the clinical reasoning 
and the protocol for the music therapy sessions, it is difficult to place the research as a whole 
and each phase of the study within the R-SMM. The R-SMM is largely reductive in nature, 
and the emphasis is on objective experimental testing. Therefore, a theoretical framework 
was sought within the field of social sciences that would complement the R-SMM and that 
would provide a framework through which to view the smaller inductive component of the 
study.  
Additional Theoretical Frameworks 
Collins (2009) posits that people who have objective limitations or abilities also have 
subjective experience of these limitations and experiences. This view is shared by this 
researcher and was central to the selection of a relevant worldview as well as a suitable 
theoretical lens. Music therapy research that is viewed solely through a neuroscience lens 
usually involves “operationalising” music and removing it from the context in which it is 
experienced by the client (Hunt, 2015, p. 2). This research seeks to incorporate the 
perceptions of participants within the neuroscience-informed model. Baker & Tamplin (2006) 
whose manual informed by neuroscience, maintain that although the primary focus in 
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neuroscience-informed practice is on re-training functional skills, it remains possible to 
consider the whole person during music therapy treatment.  
Additional theoretical frameworks that were deemed to complement and enhance the 
R-SMM model, while remaining faithful to the research paradigm, were explored. The 
guiding principle in this endeavour was that additional frameworks did not sacrifice the 
working mechanism of the music within the neuroscience-informed R-SMM. Humanistic 
theory, social cognitive theory and Antonio Damasio’s Theory of Consciousness were all 
considered, with a view to embedding them within the R-SMM and TDM to provide a 
theoretical lens that could encapsulate the entire research and its components. Magee and 
Stewart (2015), contend that the most important aspect in choosing a model is that it is 
appropriate for the needs of the client. Of equal importance is the presentation of rationale 
behind the approach so that clients, families and colleagues can understand (Magee & 
Stewart, 2015).  
Humanism 
From a review of neuroscience-informed music therapy literature, it appears that this 
limitation of existing perspectives is extant among clinicians and researchers. There are 
several studies in the field of music therapy, as discussed above, that are rooted in a 
neuroscience-informed approach such as the R-SMM, but that include and imply humanistic 
principles, whether consciously or not. Moreover, there is a body of research that seeks to 
justify the integration of both the neuroscience and humanistic approaches both within and 
outside of the field of music therapy. The humanistic concepts of choice and agency allow for 
the subjective experience to be accounted for in addition to the objective testing within the R-
SMM and TDM. In this way, the research can capture a more in-depth perspective in 
answering each of the research questions.  
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The R-SMM and humanistic approaches share some commonalities that allow for the 
integration of specific elements. There are of course, fundamental differences that may be 
difficult to integrate in the way the therapist and researcher may view the role of the music 
and the individual. The emphasis within the R-SMM in the rehabilitation setting is on 
functional non-musical outcomes allowing participants to re-train skills that aim to offer them 
increased independence and agency. NMT techniques, while they follow a consistent and 
precise protocols, are client-centred and are adaptable to each individual. For example, while 
engaging in RAS, the participant’s current walking speed dictates the tempo of the external 
rhythmic cue. Moreover, choice is incorporated into each session, with personally selected 
music being applied within the specific protocol.  
There are of course fundamental nonconformities between the neuroscience-informed 
and the humanistic approaches. The focus within the R-SMM and indeed within this study is 
on functional and non-musical outcomes. This does not align with the more holistic 
humanistic perspective, in which the focus is on the holistic view of a person and not on 
specific, targeted goal areas. Within the rehabilitation setting, however, where people are 
striving to achieve functional goals and that is the reason for referral in the first place, this 
researcher would argue that the functional oriented goals acknowledge the current situation of 
the whole individual in their own real world. Furthermore, participants in this research are 
considered as active agents, who through the therapist’s facilitation of sessions, have the 
capacity to use NMT techniques to achieve their goals (Williams & Levitt, 2007). 
Moore & Lagasse (2018) present an argument for the integration of elements of 
humanistic therapy within neuroscience-informed research. They postulate that ideas central 
to humanistic theory can inform and enhance neuroscience-informed music therapy research 
and practice and emphasise the principles of self-hood, agency, relationality and aesthetics. 
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They contend that by offering participants the opportunity to have some input into realising 
their own health goals, that enhanced outcomes will follow (Moore & Lagasse, 2018). 
Agency 
As aforementioned, NMT protocols are strictly adhered to following the R-SMM 
throughout the clinical aspect of this study, but the researcher sought to illuminate and embed 
the principles of agency and relationality within this model. It is a concept that is associated 
with humanism and Rogerian theory, as it emphasises the active participation of individuals 
in contributing towards their goals (Rogers, 1951).  
Throughout the clinical work, the element of choice is one that is central in 
participants selecting personally preferred music. It was hypothesised, based on existing 
literature, that the selection of personally meaningful music may increase the motivation of 
participants, thus offering each individual a level of autonomy and choice to assist in 
retraining functional goals. Stegemöller (2014) highlights the importance of integrating 
client-preferred music into the clinical sessions, supporting the incorporation of agency. 
“Thus, the possibility exists to add the participant’s voice by incorporating their preference 
without sacrificing the working mechanism of the music” (Moore & Lagasse, 2018, p.150). 
There are several other references within neuroscience-informed literature that relate to 
offering musical choice within treatment protocols, thus implying agency (Baker & Tamplin, 
2006; Thaut & Hoemberg, 2014; Stegemöller, 2014; Moore & Lagasse, 2018).  
The subjective voice of each participant is important for several aspects of this study. 
At one level is the selection of music and musical styles. At another level within this 
research, the participant’s perceptions of their music therapy experience are elicited post-




Carl Rogers (1959), in his person-centred approach identifies and acknowledges the 
importance of the therapeutic relationship in helping individuals to reach their full potential. 
Empathy, authenticity and the unconditional positive regard of the therapist is the legacy of 
Rogers and are all adopted by this researcher in all interactions with participants (Joseph & 
Murphy, 2013).  
The dual role of clinician and researcher was an ever-present consideration of the 
author throughout the course of this study. By acknowledging relationality within the 
theoretical lens, this researcher had the opportunity to consider the therapeutic relationship. 
Within the R-SMM, the music is viewed as the mechanism of therapeutic change. 
Nevertheless, the NMT protocols are delivered within the context of a client and therapist’s 
interactions (Moore & Lagasse, 2018). Further, O’Kelly (2016) identifies relationality as one 
of the limitations of neuroscience-informed perspectives and discusses therapeutic 
relationships and the failure within frameworks such as the R-SMM to capture and explore 
this important relationship. Moreover, Hunt (2015) recommends that music therapy research 
should account for human interaction between client and participant. She argues that research 
that fails to acknowledge this interaction neglects an important aspect of music therapy 
(Hunt, 2015).  
Summary 
While most elements of the study can be viewed from the neuroscience-informed 
perspective through the R-SMM and TDM, there were some limitations identified by the 
researcher. The elements of choice, motivation and participant feedback, captured through the 
principle of agency were important. The relationship between the researcher/therapist and 
participant/client was also important due to the dual role of the investigator. Therefore, 
relationality was considered here also. References to both principles, central to the humanistic 
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approach, are extant in existing neuroscience-informed music therapy literature. The 
researcher sought to illuminate their presence by incorporating these principles through a 
humanistic lens embedded with the R-SMM.  
NMT and Humanism 
The rationale for combining humanistic principles with the R-SMM within NMT is 
given in detail in the previous sections. This section seeks to provide a description of how 
both perspectives were married within sessions and within the intervention overall. It also 
highlights the relevance and importance of the therapeutic relationship within the clinical 
work.  
While the neuroscience informed protocols for the NMT techniques were adhered to 
strictly, emphasis was also placed on participant choice in relation to the music that was 
selected and used for each. The focus in the delivery of the NMT was on functional 
movement, where experimental tests were used to establish outcomes in an objective way. 
This was viewed as an attempt to reduce the risk of bias in results. However, the perceptions 
of participants were not excluded, and were seen as a valuable part of answering the research 
questions. This did not affect the objectivity of the outcome measures used within the R-
SMM and TDM framework, but by placing value on participants’ choice and experience 
included elements of autonomy and agency.  
All clinical sessions were delivered on a one-to-one basis by the researcher, music 
therapist. This immediately brings relationality and therapeutic relationship into focus. 
Illuminating the importance of this relationship, an aspect that is central to humanistic theory 
as outlined earlier, does not in any way conflict with the neuroscience informed NMT 
techniques. The therapeutic relationship is further discussed in relation to the present study in 
the next chapter. The section that follows examines the dual role assumed by the researcher.  
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Dual Role: Researcher and Clinician 
From the outset, the principal investigator intended that the study would comprise a 
clinical aspect, wherein the combination of the three sensorimotor techniques in NMT 
treatment would be carried out with participants who had experienced an acquired brain 
injury. The role of both clinician and researcher was assumed. He was aware of some of the 
implications, opportunities and challenges that this dual role would involve. “Clinician-
researchers cannot shed their clinical skin and acknowledging the inevitability of dual-role is 
important for them, their supervisors, and ethics committees” (Hay-Smith et al., 2016, p.15).  
Increased clinical relevance of research questions, gaining access to clinical settings 
for research, bringing clinical expertise and insider perspectives to the research, and having 
researchers who are committed to the dissemination of findings are just some of the benefits 
of dual clinician-researcher role (Hay-Smith et al., 2016). However, central to this position is 
that there is an equal responsibility to client-participants and to rigorous research methods. 
The obligations to both are balanced and revised on an ongoing basis during and after the 
research process (Hay-Smith et al., 2016). 
The dual role of clinician-researcher inevitably results in a dual client-participant role, 
who in turn bring their experience of their memory and experience of being both client and 
participant to the research setting (Hay-Smith et al., 2016). 
In their systematic review of literature reporting dual-role in health settings, Hay-
Smith et al. (2016) report connection as a major and overarching theme. This connection 
related to the clinician-client type bond that develops between the researcher and participant, 
with both having shared experience within the clinical context (Hay-Smith et al., 2016). This 
experience of relationality was shared by this researcher, and therefore was embedded within 
the theoretical lens as described in the previous chapter.  
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Bond (2004) recommends consulting an expert who is independent of the research to 
identify risks to participants and to ensure these risks are accounted for within the study 
design. In the present research, consultations were held with international experts in the field. 
Moreover, several meetings, presentations and consultations were conducted with the IDT in 
the hospital where the clinical work took place. These interactions and consultations sought 
to ensure that potential risks were eliminated and that the most appropriate study design and 
methods were used. These interactions with the IDT were not confined to preliminary 
decision making but were an ongoing element throughout the research process. This ensured 
that the standards and procedures selected as part of this research were consistent with the 
relevant service to clients, as recommended by Bond (2004). The provision of clear 
information, explicit guidelines on data protection and confidentiality were an important 
aspect of this research and served to eliminate potential risk to participants both during and 
after the research process. 
Bond (2004, p.14) outlines five major best-practice guidelines for researchers 
assuming a dual-role within the research process. These guidelines are summarised below.  
1. Ensuring that research conducted by a clinician is beneficial for participants and 
consistent with the integrity of the research. 
2. Consulting with supervisors, ethics committees, and relevant research experts before 
and during the research process. 
3. Obtaining informed consent in an ethical and appropriate manner. 
4. The dual relationship is monitored and addressed in written reports, where 
appropriate.  




Informed consent was sought from individuals to participate in this study. Participants 
were given seven days from receiving the information sheet and letter of invitation to decide 
whether they were interested or not. Furthermore, where participants were experiencing any 
communication difficulties, a speech and language therapist from the clinical site was 
involved in giving the information and seeking the informed consent from participants. For 
supervision, presentation and analysis purposes, consent to video record sessions was sought, 
and the same approach was used to obtain this. This consent was revisited several times 
throughout the research process, and again at the end of treatment, where participants had the 
opportunity to withdraw their consent for the video to be used.  
All the outcome measures used within clinical sessions, as described earlier in this 
chapter, were objective, validated assessment tools. This eliminated any potential bias arising 
from the data collected through the dual clinician-researcher role. Moreover, the purchase of 
the G-Walk device to record, gather and collate the participants’ spatiotemporal gait 
parameters sought to further eliminate bias and increase the objectivity of the measurements.  
Fleet et al. (2016) contend that one of the primary benefits of assuming a dual role is 
the bridging of gaps between research and practice. It emphasises the collaboration with 
clients and can offer increased insight into the provision of therapy, therefore informing 
future practice (Cooper & McLeod, 2011).  
There are some drawbacks to the dual role assumed by researchers. There is potential 
for conflict between goals and focus within therapy and those within the research (Fleet et al., 
2016). In this way, it is possible for the boundaries between clinician researcher and therapy-






Dual Role for Researcher and Participant  
 
Figure 3 displays the dual role for both researcher and participant represented in the 
overlapping segment (Fleet et al., 2016, p.331).  
Gabriel & Casemore (2009) present an approach for researchers assuming a dual role. 
The role fluency approach is presented below and helps to describe the changing role at 
various stages within the research process. The researcher in the present study assumed the 
dual role of clinician and researcher in the initial meeting with participants, where clear 
details relating to both the clinical aspect and the research aspect of the study were given. 
During the clinical phase in which participants were attending music therapy sessions, the 
predominant role of clinician was assumed, while still being mindful and reflexive regarding 
research obligations. After the completion of the clinical work and during the reporting stage 
of the research, the predominant role was that of researcher, while remaining mindful of the 
clinical obligations. This researcher did not engage in any data analysis until all the 








Figure 4 below, adapted from Gabriel & Casemore (2009) illustrates this process. 
Importantly, each stage of the layout and the predominant role assumed during this stage is 
outlined.  
Figure 4 
Role Fluency Approach to Dual Role 













Ongoing and regular clinical supervision, typical in the delivery of clinical therapies, 


























between researcher and participant (Bond, 2004). In this way, ethical issues that may arise 
can be addressed, thus lowering the potential risk to participants and researcher alike.  
The importance of appropriate reflexivity is also highlighted in relation to dual role 
research (Fleet et al., 2016). This can help to identify and eliminate risks of researcher bias 
and any risk of pre-judgements that could affect the analysis process. During the clinical 
component of the present research, this researcher had daily clinical supervision, where the 
research process, the clinical work and the personal process were explored and discussed 
extensively. In this way, any issues arising were addressed immediately. In addition to 
clinical supervision, this researcher engaged in regular academic supervision, at least once 
per month. Moreover, to ensure transparency and eliminate blurred lines between the clinical 
and research roles, several meetings with researcher, clinical supervisor and academic 
supervisor were held over the course of the study. This was an important aspect in 
maintaining the high standards of both aspects and fulfilling the obligations as both 
researcher and clinician.  
Although it presents some challenges, assuming a dual role of clinician and researcher 
can be an effective way of producing practice-relevant research. Following best-practice 
guidelines, engaging in reflexive practice and supervision, and adhering to the ethical 
obligations, any challenges or issues arising can be overcome, allowing the benefits of the 
dual role take precedence.  
Methodological Approach 
This section outlines the selection of a suitable methodological approach that fits with 
the pragmatist worldview and the theoretical frameworks described in the previous sections 
of this chapter.  
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As outlined in previous sections, the current study involves abductive reasoning and 
moving between deductive and inductive reasoning. The perspective of this study is that a 
valuable aspect in answering the research problem would be lost by eliminating either 
qualitative or quantitative aspects and that a combination of both would provide a more 
complete understanding of the research problem, as suggested by Creswell & Plano Clark 
(2011, p. 8). Therefore, a mixed methods approach was selected as the most suitable 
approach.  
Rather than being wed to a particular theoretical style…and its most compatible 
method, one might instead combine methods that would encourage or even require 
integration of different theoretical perspectives to interpret the data (Howe, 1988, p. 
74). 
There are numerus definitions available for mixed methods research. Some relate 
simply to method, while others also consider the philosophy and research design. For the 
purposes of this research, the following definition is assumed:  
An approach to research in the social, behavioural and health sciences in which the 
investigator gather both quantitative (closed-ended) and qualitative (open-ended) data, 
integrates the two, and then draws interpretations based on the combined strengths of 




Greene and her colleagues identify five different mixed methods purposes, namely 
triangulation, complementarity, development, initiation and expansion (Greene, Caracelli & 
Graham, 1989). The rationale for mixing methods in the current research study is 
complementarity.  
The purpose of complementarity is to elaborate, enhance, illustrate and clarify results 
from one method with the results from the other method. The rationale underpinning 
complementarity is to increase the interpretability, meaningfulness and validity of constructs 
and inquiry results by capitalising on inherent method strengths and counteracting inherent 
biases in methods and other sources (Greene et al., 1989). This point is echoed by McKim 
(2017) who asserts that mixed methods research can eliminate short falls in quantitative 
methods and add validity to the overall findings. In the present study, phase two, the 
qualitative seeks to enhance and strengthen the findings of phase one, the quantitative. While 
the quantitative results objectively demonstrate the presence and magnitude of an effect, the 
qualitative aspect may illuminate more detail in explaining the quantitative results from a 
subjective perspective.  
Selecting Appropriate Mixed Methods Design 
Creswell & Plano Clark (2011, p.54) outline four key principles in the process of 
selecting an appropriate study design in mixed methods studies. These consist of the use of an 
existing or emergent design; identifying a design approach to use; matching a design to the 
study’s purpose or questions; being explicit about the reason for mixing methods.  
Fixed designs refer to studies in which the quantitative and qualitative methods are 
pre-planned and are carried out without change. Emergent designs refer to studies whereby 
the quantitative and qualitative methods arise and evolve as the study progresses. This study 
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fits within an emergent mixed methods design, whereby the qualitative phase emerged as a 
result of the initial quantitative phase. The researcher did not want to lose valuable insight 
that could provide further support in answering the research questions. Therefore, a 
qualitative aspect was added. Opportunities were given for participants to offer open-ended 
responses in the questionnaire. Additionally, video footage was being recorded for the 
purposes of clinical supervision pending participant’s consent. Subsequently, where consent 
was given, this footage was reviewed by clinical specialist physiotherapists in ABI who 
reported on the impact of the NMT treatment from a qualitative perspective. The aim of this 
was to illuminate and complement the objective 10-metre walk test.  
There are several suggested approaches and models in the mixed methods literature in 
determining an appropriate design (Creswell & Plano Clark, 2011; Steckler et al., 1992; 
Morgan, 1998). These relate to the rationale behind mixing and the order in which each of the 
methods are conducted.  
Morgan (1998) described the methods used within the health research discipline as 
complementary designs. This consisted of either preliminary quantitative with a qualitative 
follow-up or a qualitative preliminary with a quantitative follow-up. Finally, Creswell et al. 
(2003) categorised approaches within educational research into either sequential or 
concurrent. This study falls within the sequential explanatory design wherein the quantitative 
methods are followed by the qualitative. The priority in sequential explanatory design is the 
quantitative results, with qualitative methods applied to explain, enhance and complement the 
quantitative phase, as in the present study (McKim, 2017).  
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Integrating Quantitative and Qualitative Methods 
The appropriate integration of the quantitative results and the qualitative findings is an 
essential element in mixed methods research. The importance of being explicit as to when 
and where within the study that integration occurs is emphasised in the literature.  
Brown et al. (2015) claim that integration, a fundamental component in mixed 
methods, can occur at different phases of the research. Meta-inferences can then be 
formulated by combining the conclusions made from both quantitative and qualitative 
strands. These inferences should be based on the research questions (Brown et al., 2015).  
In this research, the integration of methods occurred during the interpretation phase. 
Interpretive integration was described by Dures et al. (2010) where separate methods and 
separate analysis is followed by theoretical integration. Further, they claim that complete 
synthesis is not the goal within this process of interpretive integration and that tensions are 
acceptable in creating and understanding meaning (Dures et al., 2010).  
Mixed Methods in Health-related Research 
There is a growing body of knowledge and increasing support for the use of mixed 
methods designs in health-related investigation (Dures et al., 2010; Tariq & Woodman, 2010; 
Shaw, Connelly & Zecevic, 2010). Integrating both quantitative and qualitative elements, 
particularly in health-related studies, provides a depth of knowledge that would otherwise be 
unachievable by either method in isolation (Shaw, Connelly & Zecevic, 2010).  
Within the field of physiotherapy, a discipline closely linked to the current study, 
Shaw, Connelly & Zecevic (2010) contend that a mixed methods approach is the optimal 
means of building and supporting evidence-based practice. They highlight the idea that 
physiotherapists use both quantitative and qualitative approaches in their daily practice.  
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Tariq & Woodman (2010) conducted a review and found an increase from 17% in the 
mid-1990s to 30% in the early 2000s, in the number of mixed methods health services 
research published in England. Mixed methods approaches can be extremely effective for 
investigating complex health related interventions with people living with chronic and life-
changing illnesses (Tariq & Woodman, 2010). “In public health, stories have the power to 
change policies, and statistics traditionally provide a strong rationale to make changes” 
(Pluye & Hong, 2014, p. 30).  
Brown et al. (2015) contend that mixed methods are useful for understanding the 
contextual and environmental factors that can influence behaviour, health, policies and 
programmes (Brown et al., p. 812).  
Summary of Methodological Approach 
The primary concern for this researcher was to answer the research questions and 
fulfil the specific aims of the study. Tashakkori & Teddlie (2003a) contend that there should 
be no forced choice between quantitative and qualitative, if a mix of both is the best method 
of solving a research problem. Therefore, a mixed methods approach was adopted to gain a 
more in-depth perspective of the NMT treatment that would not only incorporate the 
quantitative, objective data relating to gait and mood, but would also include the qualitative 
inductive aspect by giving participants the opportunity to report on their experience. This 
rationale is supported by Creswell and Plano Clark (2011) who suggest the use of mixed 
methods where the need exists to explain initial results. In this case, the qualitative 
component was deemed beneficial to illuminate and complement the quantitative results. The 
quantitative results sought information about the general relationships and trends among 
variables. Creswell & Plano Clark (2011) demonstrate that this can lead to a lack of 
understanding as to what the effect sizes found mean. In this study, the addition of the video 
analysis component served to further illuminate the quantitative results.  
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As mentioned previously, the sample size in this study is a limitation. From the outset, 
the researcher was aware that the sample size that the scope of the study would permit would 
be relatively small. It was therefore decided that a qualitative aspect could not only inform 
some of the trends within the quantitative results but could also provide a more in-depth 
perspective of the impact of the treatment for people living with an ABI. This rationale is 
supported by Creswell and Plano Clark (2011) who suggest that in some cases, one data 
source or method may be insufficient (Creswell and Plano Clark, 2011). They describe mixed 
methods research as “practical,” allowing the researcher to draw on all methods possible to 
answer a research question (Creswell and Plano Clark, 2011, p. 13).  
Furthermore, a strong emphasis was placed on interdisciplinary working throughout 
the study and its links to the field of physiotherapy are undeniable. The mixed methods 
approach gave the opportunity for clinical specialist physiotherapists to report on the 
treatment and outcomes from a qualitative perspective through analysis of video footage.  
Further, Creswell and Plano Clark (2011) postulate that the strengths of quantitative 
can balance the weaknesses of qualitative, and vice versa. In this research, it would not have 
been possible to capture the participants’ views directly in a purely quantitative approach. 
Moreover, a purely qualitative approach would have involved the researcher forming 
personal interpretations, increasing the risk of bias. Conscious of his dual role within the 
study, namely that of the researcher and clinician, was taken into consideration in selecting an 
appropriate approach. The interpretations of the qualitative elements are balanced with the 
objective data gathered by the quantitative measures.  
Figure 5 below demonstrates the emergent, complementary, sequential explanatory 










This research comprises two phases. Suitable study designs were carefully considered 
for both the initial quantitative phase and for the sequential explanatory qualitative phase. 
The selection process and rationale for each will be presented in the sections that follow.  
Phase One: Quantitative Study Design 
Chambless et al. (1998) defined the standards for well-established treatments as those 
with demonstrable efficacy through either a between-groups experimental design where the 
experimental intervention shows statistical superiority or through a series of at least nine 
single-case design (SCD) experiments. Therefore, both group designs and SCDs were 
carefully considered for phase one, the clinical component of this research. These will be 
briefly discussed in this section along with the rationale for their elimination. 
In the sections that follow, the term baseline phase is used to describe the period 
where participants, following consent being given, were completing gait and mood outcome 
measures to establish a baseline. In this time, they were also engaging in their other clinical 
therapies as part of their rehabilitation. During this time, however, the NMT protocols were 
not being applied. Treatment phase refers to the period where NMT sessions begin in 











Group experimental designs consist of at least two equivalent groups of participants 
assigned to either treatment or control conditions or to a wait-list condition. Group designs 
considered by this researcher were the crossover or wait-list design and randomised 
controlled trial (RCT).  
A crossover or wait-list design (AB/BA) entails assigning half of the participants to a 
baseline phase followed by a treatment phase, and the other half to a treatment phase 
followed by a phase where the treatment is withdrawn. However, this approach was not 
selected for the following reasons: (i) Existing literature indicates the carryover effects of 
using an external rhythmic cue on gait parameters (such as RAS technique). It may therefore 
have been difficult to show the effects of NMT techniques by removing the treatment for half 
of the participants. (ii) The ethical implications of removing treatment for participants was a 
contributing factor in its elimination for this study.  
RCTs are typically considered “gold standard” in demonstrating generalisability 
within clinical investigations (Lane, Ledford & Gast, 2017). While effective in relation to 
population-based investigations, based on the mean response of a group, individual 
variability is not shown (Lane, Ledford & Gast, 2017). Cornish & Gillespie (2009) assert that 
RCTs fail to illuminate the processes through which outcomes are achieved, particularly 
when investigating complex health issues. Shaw, Connelly & Zecevic (2010) postulate that 
RCTs fail to capture the complexity of the physiotherapy discipline.  
Moreover, group designs fail to allow for the typical decision-making process 
involved in day to day practice (Lane, Ledford & Gast, 2017). Purswell & Ray (2014) 
contend that RCTs rarely fit the practical realities within some disciplines. Group studies 
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measure at only two or three points in time which can result in important data being missed in 
relation to variations in response over time (Kim et al., 2015).  
RCTs are associated with having the strongest internal validity (Geist & Hitchcock, 
2014). They can, however, be difficult to conduct with limited resources and small sample 
sizes. The time, monetary and personnel requirements in addition to large numbers of 
consenting participants present challenges with RCTs (Lobo et al., 2017).  
Furthermore, RCTs rely on the assumption that the only variable at play is the 
intervention being applied and that the “treated and control groups are equal in all 
characteristics” (Geist & Hitchcock, 2014, p.298). For the present study, the heterogeneity of 
symptoms associated with ABI poses a threat to ensuring that all characteristics of 
participants are equal. For example, the time elapsed from time of injury in this research 
varied considerably amongst potential participants. Moreover, the inclusion and exclusion 
criteria, despite being kept as inclusive as possible, resulted in a relatively small sample size 
for the timeline of this research. A significantly longer time period would have been 
necessary to recruit the sample size needed to conduct an RCT. Geist & Hitchcock (2014) 
recommend the use of SCD as a good alternative to RCTs when sample sizes are limited. For 
all the above reasons, RCT was discounted as an appropriate design for this study. 
Magee & Stewart (2015) contend that “RCTs are difficult to do in practice and are 
rarely the best method for getting at complexity for instance, researching rehabilitation after 
catastrophic brain injury where single-subject designs are more suitable” (p.3).  
Single Case Design (SCD) 
The design selected for this research is the multiple-baseline SCD. There were several 
key factors in its selection. These will be outlined here, with a description of the design itself.  
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For the purposes of clarity, it is essential to outline the terminology in relation to the 
design. SCD is not to be confused with a case-study, which is a report of the clinical 
management of a service user or group. Sometimes referred to as single-subject design, this 
researcher views a single-subject design as relating only to one person. Instead, the term SCD 
is used in this research to delineate the multiple participants within its design, as 
recommended by Lobo et al. (2017).  
The primary aim within SCDs is to assess the impact of a specific treatment for an 
individual and measured changes as a result of that treatment, whereas group designs such as 
RCTs can mask individual change (Aldridge, 1991). SCDs, by focusing on individual change 
and response to a treatment can be more applicable to the everyday practice of clinicians. 
SCDs provide time series analysis of change in dependant variables across the 
introduction of an independent variable (Purswell & Ray, 2014). SCDs are effective in 
demonstrating the experimental effects of an intervention where resources are limited 
(Purswell & Ray, 2014). They are suitable for use with small sample sizes as each individual 
is the unit of analysis, with each serving as their own control. Each person’s performance 
under one condition is compared to that under a different condition. An initial baseline is 
established before the treatment is applied. Improved performance after the introduction of 
the treatment demonstrates causal evidence that the treatment helped to improve the 
outcomes for participants. In the present study, a period of time without any NMT represents 
the baseline phase, while the treatment phase begins with the introduction of NMT. 
An AB design SCD was considered for this research. However, there are threats to 
internal validity associated with this design, which eliminated its use for the present study. 
Firstly, the idea that some other event may have occurred around the same time as the 
treatment phase began (Geist & Hitchcock, 2014). Regression to the mean, the presence of 
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extreme scores which may not replicate may hinder internal validity (Geist & Hitchcock, 
2014). Participants may also simply improve naturally with time. Moreover, the participants 
in this research were participating in intensive rehabilitation and therefore if each person 
began music therapy treatment at the same time point, it would be extremely difficult to 
attribute any changes to the impact of music therapy.  
An ABAB SCD was also considered. This design is sometimes applied in order to 
eliminate some of the common threats to internal validity. An ABAB design involves the 
withdrawal of treatment with the addition of a second baseline A phase. However, Purswell 
& Ray (2014) contend that SCDs with an ABAB design are unsuitable for treatments that 
have demonstrated a carryover effect, where the expectation is not for an individual to 
deteriorate as a result of removing treatment. 
Therefore, this design was not suitable for this study as previous research shows that 
the effects of the NMT techniques being employed, namely RAS, PSE and TIMP have a 
carryover effect, with the results and improvements in gait parameters visible for weeks after 
the treatment had ended (Thaut & Rice, 2014).  
The multiple baseline SCD was used in this research. Geist & Hitchcock (2014) 
suggest the use of a multiple baseline design, particularly where the dependent variable may 
not change when the treatment is withdrawn. Positive conclusions can be drawn if the data 
points show an improvement after each of the various baseline periods end. It involves the 
staggered introduction of treatment for participants. It is recommended that there are at least 
three experimental conditions characterised by the duration of baseline phase (Lobo et al., 
2017). Therefore, in this research, consenting participants were assigned sequentially to one 
of three groups, each with a different baseline duration.  
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Data Analysis in SCD Research 
SCDs can be designed to have strong internal validity for assessing causal 
relationships between treatment and outcomes (Lobo et al., 2017). If this is strong, so too is 
the evidence that the treatment being tested has been responsible for the observed change in 
the outcome variable being measured. Strong internal validity therefore eliminates the 
argument that some other factor has been the instrument of change in the observed outcome 
(Geist & Hitchcock, 2014). 
SCDs assign individuals as their own control and consequently capture the subjective 
perspective of individuals by tracking each participant’s response to the independent variable. 
Therefore, both quantitative and qualitative data are implied within SCD research. Qualitative 
data and participant background can help to explain irregularities in the quantitative data 
(Purswell & Ray, 2014). Understanding the repeated observations taken over time allows not 
only for the increased understanding of data unique to each individual but also the increased 
understanding of the treatment effects over time.  
There are three stages in the data analysis of SCD research, specifically visual 
analysis, quantitative analysis to evaluate treatment effect and finally the combined effect 
sizes across cases for overall average (Lobo et al., 2017). The main advantage of the design is 
that several measures can be plotted and easily discerned visually. When data are serially 
dependent, it is possible to conduct a time series analysis which shows behavioural change 
across phases and a statistic that indicates levels of change or effect-size (Aldridge, 1991). 
The effect size calculations provide an objective way of identifying both the existence and 
size of effect (Purswell & Ray, 2014). Cohen’s d is recommended for presenting SCD effect-
sizes and this is adopted in the present study (Lobo et al., 2017; Horner et al., 2012). 
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SCD in Related Fields 
SCDs “play a crucial role in the neurorehabilitation research process” (Lane et al., 
2017, p.8). There is a large body of research within ABI and neurorehabilitation that employs 
and encourage the use of SCD (Schrijnemaekers et al., 2018; Bos, Babbage & Leathem, 
2017; Poncet et al., 2018; Dymowski et al., (2016); Schuster-Amft et al., 2015; Manolov & 
Rochat, 2015; Leong et al., 2015; Winkens et al., 2014; Heinicke & Carr, 2014). 
Within the field of music therapy, there is a need to demonstrate causal evidence in 
relation to the impact of treatment protocols. The SCD is a viable option in providing this 
(Geist & Hitchcock, 2014). Integrating research, clinical practice and advocacy efforts for the 
field of music therapy is essential for its progress and Geist and Hitchcock (2014) 
recommend the use of SCD in clinical settings where the number of clients may be small and 
diverse in terms of ability.  
Summary 
The multiple-baseline SCD was selected for this study. Although other study designs 
were carefully considered, there were several factors that influenced the decision to use the 
multi-baseline SCD. The small sample size and the heterogeneity of ABI were central 
considerations in ruling out an RCT. The profile of individuals in the rehabilitation hospital 
and their symptoms vary widely and the time that has elapsed since their injury also varies 
considerably from person to person. The study comprises the inclusion of all forms of ABI 
and included both adult and children. Therefore, the number of variables between participants 















Phase Two: Qualitative Study Design 
The qualitative aspect of this study forms a smaller element within the overall 
research. Nonetheless its inclusion is a crucial part of the study. It is a unique aspect, 
especially within the field of NMT, to have the opportunity to gain insights from participants 
who have directly experienced NMT and its techniques. The qualitative data in this research 
was generated from two sources.  
Firstly, participants completed a questionnaire post-treatment where they had the 
opportunity to add comments to support and elaborate on specific items. Although brief, with 
four opportunities for qualitative comments, they were regarded as important sources of data 
to enhance and complement the quantitative results of the study. Secondly, two neuro-
physiotherapist who had no other links to this research, completed an analysis of the video 
analysis taken during the clinical treatment phase. They presented their analysis in a brief 
report, outlining their observed outcomes pre and post treatment and commented on a sample 




Treatment with music phase 



















Treatment with music phase 
3 sessions per week 
 
3-week baseline phase 2 
Treatment with music phase 
3 sessions per week 
4-week baseline phase 3 
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Braun & Clarke (2006) thematic analysis (TA) was selected as the most appropriate 
method for approaching the qualitative phase of the study. It is consistent with the pragmatist 
world view.  
Qualitative research offers rich and compelling insights into the real worlds, 
experiences and perspective of patients and health care professionals in ways that are 
completely different to, but also sometimes complementary to, the knowledge we can 
obtain through quantitative methods. (Braun & Clarke, 2014, p.1).  
Developed initially for use within psychotherapy and counselling disciplines, TA has 
gained popularity and has been applied within other health-related disciplines (Braun & 
Clarke, 2006; 2014; 2018). TA allows for some flexibility in that it is not bound to a specific 
theoretical framework, but rather, can be applied within different frameworks (Braun & 
Clarke, 2006). Nevertheless, Braun & Clarke emphasise the importance of adhering to the 
worldview underpinning the research, which should guide the process of TA (2014). They 
add that frameworks and methods should match what the researcher wants to know (Braun & 
Clarke, 2006). 
They postulate that TA be regarded as an approach in its own right, and define it as “a 
method for identifying, analysing, and reporting patterns (themes) within data” (Braun & 
Clarke, 2006, p.79). Consequently, its use as an approach to the qualitative phase of this 
research is outlined in the following sections.  
Braun & Clarke (2006) present a six-phase guide to conducting TA but encourage 
reflexivity throughout. Moreover, it is a recursive process and required a constant move back 
and forth between phases throughout the analysis. The process of TA can be either inductive 
or theoretical. A theoretical approach to TA is assumed by this researcher in that it is driven 
by the study’s research questions and seeks to explore a more detailed analysis of specific 
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parts of the data. Themes from the data are identified on a semantic level. This simply means 
that the researcher identifies themes within the explicit meaning of participant’s comments. 
This does not imply, however, that the themes are merely described. They are interpreted and 
their significance and meanings are described in relation to previous literature (Braun & 
Clarke, 2006). 
The six phases of Braun & Clarke’s TA method are presented in Table 4 below, based 
on Braun & Clarke (2006, p.35): 
Table 4 
Braun & Clarke’s Six Phases of TA 
Phase Description 
1. Familiarising yourself with your 
data 
• Immersion in the data 
• Reading and re-reading 
• Identifying initial patterns 
2. Generating initial codes • Systematic coding of the data 
• Identifying interesting features 
• Grouping data relevant to each code 
3. Searching for themes • Collating codes into potential 
themes 
4. Reviewing themes • Generating a thematic map 
• Checking if themes work in relation 
to coded extracts and the entire data 
set 
5. Defining and naming themes • Refining the themes 
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• Generating clear definitions and 
names for each 
6. Producing the report • Selecting clear and compelling 
extract examples.  
• Relating analysis to research 
questions and literature.  
 
The six-phase approach to TA will be discussed and applied in chapter seven, where 
the qualitative findings will be presented.  
Unique Aspects and Contribution to the Field 
This study is the first investigation into the use of NMT techniques in the Irish 
rehabilitation setting. More important still is that it is one of very few studies that investigate 
the impact of NMT sensorimotor techniques with children who have an acquired brain injury. 
Existing literature evaluates their efficacy with adult participants, while this study seeks to 
provide a foundation for future research with children with an ABI.  
The focus of much of the current research within the NMT field is on a single 
functional goal area. This study seeks to assess whether music and rhythm impacts selected 
spatiotemporal gait parameters of participants whilst simultaneously impacting on mood. 
There is a large body of research to support both aspects in isolation, but none to assess the 
integration of mood elements as secondary benefits to the primary, movement related goals.  
This investigation of NMT contains a qualitative aspect in gaining the perceptions of 
participants based on their experience post-treatment. While NMT is guided largely by 
objective, quantitative outcome measures, there is a dearth of qualitative information 




This chapter outlined the characteristics, rationale and selection process of the 
worldview, theoretical frameworks, mixed methods designs and the specific study designs for 
both the quantitative phase one and the qualitative phase two of this research. The specific 







The methodology is set out in two separate chapters. While chapter four outlines the 
worldview, theoretical lens and study design, this chapter outlines in detail the specific 
methods related to this study. It outlines all aspects of the methodology, including the aims 
and objectives of the study, a description of the site selection as well as the recruitment 
procedures. A detailed description of the data collection process is given, with a summary of 
the session protocol and the outcome measures used.  
Research Aims and Objectives 
The overarching aim of this research is to assess the impact of NMT sensorimotor 
techniques on the gait parameters and mood for adults and children who have an ABI. In 
carrying this out, it seeks to explore and evaluate the efficacy of applying NMT techniques to 
facilitate and support both the physical and mental health and wellbeing for people who have 
had an ABI.  
The objectives are listed below: 
1. To evaluate the impact of the three NMT sensorimotor techniques, namely rhythmic 
auditory stimulation (RAS), patterned sensory enhancement (PSE) and therapeutic 
instrumental music performance (TIMP) on selected spatiotemporal parameters of 
gait.  
2. To explore the self-reported effects on mood of the NMT treatment for adult and 
paediatric participants who have an ABI.  
3. To elicit the perceptions of participants on the impact of the NMT sensorimotor 





The study design selected for this research is a multiple-baseline single-case design, 
as described in detail in chapter four. Participants were allocated to one of three baseline 
phases. Allocation to groups will be outlined later in this chapter. 
Site Selection 
The National Rehabilitation Hospital (NRH), situated in South Co. Dublin, is the only 
rehabilitation hospital on the island of Ireland. It was therefore selected as being the optimum 
choice of site for conducting this research study. Links were established with the hospital and 
several meetings and presentations led to the initiation of the ethics procedures, some of 
which are outlined later in this chapter.  
Ethical Approval 
Ethical approval was granted for this study by the Ethics Committee at the National 
Rehabilitation Hospital, Dublin.  
Site Description 
The hospital provides specialist rehabilitation services to people from around the 
country. Due to accident, illness or injury, patients have acquired a cognitive or physical 
disability. Specific programmes include the brain injury programme, spinal-cord system of 
care programme, prosthetic, orthotic and limb absence rehabilitation programme and the 
paediatric family-centred rehabilitation programme. On average, a person stays at the 
rehabilitation hospital for three months, but this term can change depending on the individual 
case. The rehabilitation team consists of consultants, nursing staff, dietician, occupational 
therapists, physiotherapists, prosthetist and orthotist, psychologists, social workers, speech 
and language therapists and music therapists. There is an emphasis placed on 
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interdisciplinary work among each of the care specialists in the hospital, working together to 
achieve agreed rehabilitation goals.  
This research comes at an opportune time, where the hospital is undergoing 
renovations and a new, modern and well-resourced hospital is currently being built. There is 
therefore a growing need for research, specifically within the Irish rehabilitation context, in 
order to plan future delivery of rehabilitation services.  
Music Therapy and its Scope of Practice 
The music therapy service at the hospital provides specialist music therapy 
assessment and treatment to people in the Brain Injury Programme (BIP) and to children and 
adolescents in the Paediatric Programme. Some music therapy sessions are conducted 
collaboratively with other clinical professionals, particularly within the Paediatric 
Programme. Currently there is 0.5 whole-time equivalent music therapy input at the hospital. 
This time is split between both the BIP and the paediatric programme and is therefore quite 
limited. However, there is a music therapy research project being conducted presently, which 
allocates 0.7 whole-time equivalent input. Therefore, there is one full-time music therapist 
and another who works two days. With a growing demand for music therapy treatment, 
research and evidence of its efficacy is necessary to justify the need for more time and staff 
allocation to the department. This study was set up to investigate the impact of the inclusion 
of NMT as part of the IDT rehabilitation to demonstrate the feasibility and provide rationale 
for further music therapy input.  
The music therapy service is delivered in various formats, depending on specific 
rehabilitation goals. Some sessions are one to one, with clinician and client, in which specific 
individual goals are addressed. Others are conducted as joint collaborative sessions with speech 
and language therapists, occupational therapists, physiotherapists or psychologists, where 




The researcher completed the relevant training in Neurologic Music Therapy prior to 
commencing the research. Training consists of an intensive four-day course, during which 
therapists receive advanced clinical training and scientific knowledge required to carry out 
NMT techniques. Importantly, the training course is endorsed by the World Federation of 
Neurorehabilitation, the European Federation of Neurorehabilitation Societies, and by the 





Potential participants were identified by the consultant and the physiotherapy team. 
An information sheet and letter of invitation were sent to these individuals by the consultant 
and where appropriate, their primary caregivers (See Appendix A). They were invited to meet 
with the researcher. When an individual agreed to participate, the consent forms were 
carefully explained, and they were given a copy to take away with them and sign. During the 
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participation and the consent being given. In the case of paediatric participants, children were 
given an assent form, while their parents completed a consent form to participate. Copies of 
the consent and assent were given to the participant, and a copy was kept on-site (See 
Appendices B, C and D).  
Consent to Record Sessions 
Participants were asked to sign informed consent to allow for the physical 
components of music therapy sessions to be video recorded. Their decision to give consent or 
not did not eliminate them from the study or affect their treatment plan in any way. To offer 
participants maximum choice, the consent form comprised three different levels (Appendix 
E). There were several reasons for the request to record sessions.  
Recordings were extremely beneficial for use in clinical supervision and to reflect 
upon practice after sessions. The footage was used to inform planning for future sessions. It 
was also a visual method of measuring the progress of each participant. The methodology 
included video recording the timed 10m walk test at the beginning of the treatment phase and 
comparing it to the same at the end of the treatment phase. A clinical specialist in the 
physiotherapy department would then report on the differences observed, if any, particularly 
in relation to the spatiotemporal gait parameters of participants. Moreover, this analysis was 
used as an opportunity to eliminate concerns around the potential use of negative 
compensatory movements to improve gait velocity.  
Selecting Spatiotemporal Parameters 
In liaison with the physiotherapy and occupational therapy departments, it was 
decided to focus on three selected spatiotemporal gait parameters. Velocity, cadence and 
stride length were considered to be the most important aspects to be included for quantitative 
analysis. This may be considered to be a limitation of the present study.  
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Regular meetings were held with the treating physiotherapist for each participant, 
where overall progress was monitored from a qualitative perspective. During these meetings, 
the data gathered by the G-Walk in relation to spatiotemporal parameters were discussed. 
However, velocity, cadence and stride length were the parameters included in the quantitative 
analysis. Moreover, with the combination of gait and mood, as well as adults and children, 
the decision to focus on the three selected parameters were deemed to be more in line with 
the scope of this study. Furthermore, Rice & Johnson (2013) recommend that in cases where 
a physiotherapist is not present during evaluation and treatment sessions, that trained 
neurologic music therapists assess velocity, cadence and stride length. While close liaison 
was maintained with the treating physiotherapists throughout the study, joint sessions were 
only sometimes possible in sessions with the adult participants.  
Inclusion Criteria 
Participants with all types of ABI were included in this study. People within the hospital 
who met the following criteria were eligible for inclusion in the study: 
• People with the ability to walk independently 
• People with the ability to walk with the support of a walking aid  
• Poor balance 
• Poor posturing and trunk control 
• Uneven stride length between right and left (decreased weight-bearing on one side) 
• Decreased cadence and stride length 
• Decreased velocity 
• Decreased arm-swing unilaterally 
• Decreased heel-strike unilaterally  
• People with ataxia or apraxia 
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• Fatigues easily, decreased endurance 
Exclusion Criteria 
Individuals were excluded from participating in the study if they met any one of the 
following criteria at the time of assessment: 
• People who do not require physical rehabilitation as a result of their brain injury 
• People with moderate to severe hearing impairment that inhibits their ability to hear 
music and the external rhythmic cue 
• People who require physical assistance from therapist to walk 
• Children under the age of six, as advised by the physiotherapy department on site 
• People who exhibit profound challenging behaviour 
• People whose psychological status and insight prohibits them from engaging with this 
treatment 
• People who are not receiving physiotherapy or occupational therapy for physical 
rehabilitation 
In relation to people exhibiting profound challenging behaviour and those whose 
psychological status and insight limits their participation; these exclusion criteria were 
inserted in consultation with the psychology department. There were concerns that people 
experiencing profound cognitive difficulties may not have the capacity to follow instructions 
in carrying out the protocols within the RAS, PSE and TIMP techniques.  
Sampling Method 
A convenience sampling method was used for this research. The sample therefore 
included any person in the National Rehabilitation Hospital following an ABI during the time 
that this study was taking place and who fit the inclusion and exclusion criteria. In this 




Participants who gave consent to be part of the research were assigned to one of the 
three baseline groups. Assignment to each group was sequential, with the first referral 
assigned to group one, second to group two and so on. Each group varied in the length of 
time that participants spent in the baseline phase, where they continued with their other 
therapies but did not have music therapy.  
Baseline 1:  2 weeks (Referral number 1, 4, 7, 10, 13) 
Baseline 2:  3 weeks (Referral number 2, 5, 8, 11, 14) 
Baseline 3: 4 weeks (Referral number 3, 6, 9, 12, 15) 
Outcome Measures 
The selection of each of the outcome measures for use in the study was based on two 
factors, firstly the existing measurement tools being used at the clinical site, and secondly the 
psychometric properties of the measures themselves. Rationale for use, validity, reliability 
and responsiveness to change for each of the outcome measures are detailed below. 
Timed 10m Walk Test 
The research requires that the participant’s spatiotemporal gait parameters be 
measured before and after music therapy sessions. The timed 10m walk test was selected as 
the most appropriate way of recording this. Already in use in the hospital, it is a brief, 
practical but objective and quantifiable way of recording the time for a participant to walk 
10m, given in metres per second. Floor markings clearly show points at 0m, 2m, 8m and 
10m. The time for the middle 6m is taken to allow for participant’s acceleration and 
deceleration. In addition to the G-Walk, described below, times were recorded on a 
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stopwatch. This test was performed once per week during the baseline phase and pre and post 
NMT sessions during the treatment phase.  
The timed 10mwt is commonly used in neurorehabilitation following ABI. Hirsch et 
al. (2014) report excellent test-retest reliability with individuals following a traumatic brain 
injury (TBI). Van Loo et al. (2003) also report very high inter-rater reliability of walking 
speed measured using a stopwatch in timed 10m walk test with people following TBI. 
Rossier & Wade (2001) demonstrate the validity and reliability of the timed 10m walk test in 
people with neurological impairments. Graser et al. (2016) additionally showed high 
reliability rates of the timed test with children following ABI.  
G-Walk 
A G-Walk device (BTS Bioengineering) was used in order to record a precise and 
objective measure of the participants’ spatiotemporal gait parameters. This is a non-invasive 
Bluetooth device on a belt and is worn around a participant’s waist above clothing. The 
device sends objective data regarding the individual’s gait to the connected laptop. Further 
details about the G-Walk are included in Appendix F.  
Before the G-Walk device could be used with participants, it had to be tested by the 
engineering department who gave clearance for its use. In addition, a hygiene protocol had to 
be drawn up (See Appendix G) to ensure that it adhered to the hygiene policies and infection 
control in place at the hospital. 
Hospital Anxiety and Depression Scale (HADS) 
The mood scale that was selected for use with adult participants was the HADS (See 
Appendix H) and it was completed once per week during both baseline and treatment phases. 
The HADS is already in use in the clinical site in which this study was carried out and was 
recommended by clinical psychologists as being optimal for the purposes of this research. 
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The HADS is a self-rating outcome measure that comprises 14 questions, 7 relating to 
anxiety and 7 relating to depression over the past week. Responses are rated on a 4-point 
Likert scale ranging from 0-3, according to severity. Results were compiled for analysis when 
the clinical work was completed.  
The HADS has been validated in both medical and general populations (Driskell, 
Starosta & Brenner, 2016). Dahm et al. (2013) report the validity of the HADS with a 
population with ABI. It is important to emphasise that the self-reported HADS is only valid 
for screening purposes and not a diagnostic tool (Snaith, 2003). The scale is widely used 
within the neurorehabilitation setting with people who have an ABI. One study evaluates the 
validity of the HADS for use with people with ABI (Dawkins et al., 2006) and establishes it 
as a valid scale. However, caution is advised in the interpretation of the depression sub-scale, 
as two of the items were shown to form a third factor, and did not necessarily apply to 
depression (Dawkins et al., 2006).  
Short Mood and Feelings Questionnaire (SMFQ) 
The SMFQ was the outcome measure used with paediatric participants (Appendix I). 
It was completed once per week during both the baseline and treatment phases. It consists of 
13 short statements relating to mood, to which the participants responded with “not true,” 
“sometimes” or “true.” The SMFQ was recommended by clinical psychologists at the study 
site. The HADS could not be used with paediatric participants, as it is only validated for use 
with adult populations. Like the use of the HADS, the SMFQ was used only as a consistent 
way of monitoring and recording weekly changes in mood. Studies have found the SMFQ to 





Where participant’s consent was given, NMT sessions were recorded throughout the 
course of this study. One of the participants did not give their consent to video recording. A 
sample of the video footage showing the 10m walk test from the first session of the treatment 
phase and that from the final session of the treatment phase was sent to two clinical 
specialists in the physiotherapy department of the hospital for analysis. This element seeks to 
provide a qualitative answer to the first research question and to detail the changes in gait 
parameters from the subjective perspective of an expert. Both clinical specialists applied their 
expertise and clinical judgement to evaluate gait parameters, therein enhancing and 
complementing the quantitative findings from the 10m walk test.  
  The incorporation of the video analysis component seeks to eliminate initial concerns 
from a small number of IDT members prior to the study commencing that negative 
compensatory movement patterns could potentially be employed by participants to improve 
their spatiotemporal parameters while walking. The video analysis identifies the presence of 
any negative compensatory movements employed. 
Participant Feedback Post-Treatment 
A search of existing surveys that could potentially illuminate the findings from the 
clinical treatment was carried out. However, there were no suitable questionnaires found. The 
questionnaire aims to elicit the participants’ perceptions of the NMT treatment, especially in 
relation to gait and mood. More specific objectives of the questionnaire are listed below: 
• Elicit perceptions of participants on the impact of NMT sensorimotor techniques in 
achieving gait-related goals 
• Elicit the participants’ experience on whether the treatment had any perceived impact 
on their mood 
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• Allow participants an opportunity to comment and elaborate on responses, where 
applicable 
A questionnaire was therefore devised to elicit the perceptions of participants 
regarding the NMT treatment. This was distributed post-treatment (See Appendix J). Initially, 
it was envisaged that this part of the methodology would be carried out in the form of a 
qualitative interview. However, in order not to exclude people with communicative 
difficulties, a questionnaire was used. If desired, participants had the opportunity to elaborate 
on specific questions in boxes provided, thus adding a qualitative aspect. Bowling’s (2014) 
directions served as a guide in devising the questionnaire, specifically in relation to the 
wording, form and order of each element.  
The questionnaire was piloted with three members of the IDT as well as five 
colleagues in the music therapy field to ensure readability and clarity of the questions. There 
were some changes made following this pilot. For example, it was highlighted that the initial 
options for a number of items, given as poor, fair, good, excellent, were in fact biased. There 
are more positive leaning responses than negative, and therefore this was changed to very 
poor, poor, fair, good, very good. The initial survey asked participants to tick a box with their 
age range. However, it was acknowledged that this would provide little to no beneficial 
information and was therefore removed from the final draft. In terms of layout and format, a 
larger font was selected, and more space was inserted between items to maximise readability. 
Bowling (2014) encourages piloting questionnaires with colleagues and experts to eliminate 
the risk of potential issues arising. Simplicity and specificity were the guiding principles in 
devising the questionnaire. Instructional details and language are kept simple and clear in 
each part of the questionnaire to avoid confusion and to make the completion process as easy 
as possible for participants. Questions are specific and seek to assist in answering the 
research questions guiding the study.  
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Bowling (2014) emphasises the potential burden of a self-administered visual 
questionnaire. Participants were therefore given a week post-treatment to complete and return 
the questionnaire. This allowed for individuals to seek assistance in completing it, if 
necessary, thus facilitating anyone who may have experienced difficulties with literacy, 
dexterity or vision. Self-administered questionnaires are reported to minimise the risk of bias 
in responses (Bowling, 2014). Furthermore, in an attempt to reduce the risk of bias, 
questionnaires were distributed and collected by staff not directly related to the present study. 
The structured questionnaire consists of eight items to be completed. Two items are 
presented as Likert scales in relation to participant’s opinions about the treatment. Bowling 
(2014) recommends at least five points on the scale. Responses were arranged from “very 
poor” to “very good” in these questions to eliminate bias in the question itself. The five-point 
scale allowed for two negative responses (Very poor; poor), two positive responses (good; 
very good) and one “fair” response. There are four “yes,” “no,” “don’t know” items, three of 
which give an opportunity for respondents to add comments. While the response is simple 
and direct, the space for comment avoids participants being forced to choose a pre-coded 
answer that does not necessarily represent their view, as suggested by Bowling (2014). The 
final item on the questionnaire is open-ended, giving the respondents an opportunity to add 
any further comments in relation to their experience of the NMT treatment. 
The findings from the questionnaire are integrated with the statistical results during 









Health and safety procedures were always strictly adhered to during the clinical 
treatment phase of this study, particularly relevant to a sample whose participation was the 
direct result of a mobility impairment. The participants displayed varying levels of walking 
competency and their ability to manoeuvre spaces varied greatly. A risk assessment of the 
music therapy room was conducted before each session, whereby any hazardous or 
obstructive obstacles were removed, and space created for the exercises and walking during 
the session.  
Timed 10m Walk test 
Each session began with a timed 10m walk test without any musical or rhythmic 
application. The G-Walk was attached to the individual while completing the walk. In 
addition to the collation of G-Walk data, the time in seconds taken to complete the walk was 
also recorded. This same protocol was followed at the end of each session.  
Risk
Assessment
Timed 10m walk 
test











Once per week, each participant completed a mood scale. Adults completed the 
HADS, while paediatric participants completed the SMFQ. This was conducted at the end of 
the second session each week for everybody, to ensure consistency.  
A Typical Session 
 
All sessions throughout the baseline and music therapy phase of the study took place 
in the dedicated music therapy room on the ground floor of the hospital. For the first baseline 
session, participants were met on the ward in which they were staying. They were 
accompanied by the researcher to the music therapy room in which all subsequent sessions 
would be held. Most of the participants were able to make their way independently to the 
music therapy room from this point on. However, for two of the participants, it was necessary 
for the researcher to meet them on the ward and accompany them to the session. For one 
participant, a reminder was given to their ward via phone in advance of each session, to 
eliminate the risk of forgetting about the scheduled session. At the end of sessions, most 
people left and made their own way to their next appointment or back to the ward. Two 
participants preferred to be accompanied, which was accommodated by this therapist.  
Sessions were scheduled on an online timetable at the beginning of each week for the 
following week. Care was necessary in the scheduling process. For example, individuals who 
experienced chronic fatigue were not permitted to have more than two consecutive sessions 
without a break between. This was the case for two of the participants within the present 
study. 
The necessary equipment was set up in advance of each session. This included the G-
Walk device and laptop for the timed 10m walk test, the iPad for song lyrics if new songs 
were chosen in the session and the camcorder to record the session where informed consent 
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had been given. A metronome was also vital for each session. Instruments for TIMP and PSE 
were strategically set in place to facilitate participants’ target movements. The choice and 
position of instruments were different for each person, guided by the specific movements that 
each were focusing on. In order to maximise the space in the room for RAS training, the 
configuration of furniture and equipment in the room was adapted accordingly before each 
session. In this way, participants had the longest possible track within the room in which to 
engage in RAS.  
Sessions began with an assessment of gait parameters, completing the timed 10m 
walk test. This took place on a quiet corridor outside the music therapy room, where floor 
markings were placed for the 10m track. There was no music played during assessment. 
Moving into the music therapy room, this part of the session generally began with a verbal 
check-in. This was client-led, and it was a general check in about their day or week, how their 
physiotherapy was going, anything arising after the previous music therapy session, anything 
else arising, and in some cases, an opportunity to talk about adding new music to their current 
list.  
All music played during sessions was live and played by the therapist on piano. As 
per the NMT technique protocols, verbal cues were used at the start of exercises to conduct 
the targeted movement. Mirroring the movement along with the client was helpful at the 
beginning of exercises. To allow more readily for this, a keyboard was set up for use in the 
music therapy room, allowing the therapist to face the person to mirror movements. Within 
each session, the protocols relating to RAS, PSE and TIMP were strictly followed, as detailed 
in chapter three and in appendices K and L.  
In terms of movement, PSE exercises were typically performed first (Appendix K). 
These sought to mobilise the body by targeting discrete, simple movements of specific body 
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parts. For example, dorsiflexion, or raising the foot upwards towards the shin with the heel on 
the ground is an important movement while walking. The music played sought to facilitate 
the movement by providing spatial, rhythmic, harmonic, dynamics cues that suited the size, 
tempo, and effort of the movement. With PSE, personally selected music was sometimes 
possible, but its reliance on so many musical elements meant that sometimes a rhythmic 
chordal progression from a song was adapted to suit the specific movement. A metronome 
maintained the specifically selected tempo.  
TIMP exercises generally followed at this point (Appendix L). For this, the participant 
selected a familiar song. Instruments were strategically placed to train target movements. As 
time progressed and some people’s endurance and strength improved, it was possible to set 
up a TIMP obstacle course, where instruments were set up to practice a variety of movements 
in succession. TIMP was followed by a short rest period and reflection. This time served as 
an opportunity to reflect on both the music and the movements.  
In a typical session, RAS training started at this point. A clear pathway was created 
inside the music therapy room to facilitate this. This was a diagonal pathway from corner to 
corner to maximise the space. The participant selected their music. Their current cadence was 
established using a metronome, and the music began at the same tempo. Just as with PSE and 
TIMP, the therapist played the music on piano for RAS training with each participant. The 
piano provided a steady baseline, guided by the precision of the metronome. Incrementally, 
the tempo was increased during the RAS training, depending on the individual client. The 
duration of RAS training in each session was dependent on energy and endurance levels on 
any given day and varied from person to person. Non-verbal cues were often used as the 
music faded and they continued to walk, as per RAS protocol (Chapter Three). A reflection 
and rest period followed RAS training, which was client-led and another opportunity to 
reflect on the musical selection, the effects of the music as well as the training itself.  
137 
 
Depending on time, more PSE and TIMP exercised were sometimes performed again, 
to target specific deviations observed while walking. Before ending the session, there was a 
verbal check in. Again, this was client led, and an opportunity to reflect on the session, or talk 
plans for the rest of their day or weekend or talk about future hopes. Leaving the room, the 
timed 10m walk test was completed again on the corridor outside the music therapy room.  
The selected music of participants was used in every session. Further details about 
musical preference are given in the following section. However, the use of music that was 
meaningful to each individual seemed to add another layer to the session. Time was therefore 
dedicated to reflecting on the musical aspect for those who wanted it. For some, songs were 
closely linked to memories or previously held associations. A wealth of stories and anecdotes 
arose from participants throughout this reflection process. Many participants appeared to 
enjoy the opportunity to reflect. Importantly, this aspect was not forced, and while everyone 
was offered the opportunity to discuss the music, it was not necessary to do so. Most 
participants had what became known in sessions as their “walking anthem,” which in most 
cases was a positive and motivational song of hope about their future. As each person’s 
walking velocity improved, the tempo of the songs increased, acting almost as a gauge of 
their progress. Reflecting on these songs was an important aspect for many because 
motivation and positivity often fluctuated for people throughout their rehabilitation journey. 
To have the space in which to reflect, process and discuss these feelings seemed to be crucial 
for people, who may not have had the opportunity to do so elsewhere. On occasion, 
participants became upset, as a meaningful song conjured painful memories of things they 
were no longer able to do, or of people who had passed. In this case again, time and space 




When informed consent was received, and in advance of the first baseline session, a 
meeting was set up with the participant to discuss and elicit each of their musical preferences. 
This meeting often took place in a private room on their ward and generally lasted no more 
than 30-40 minutes.  
Most of the participants were readily able to suggest their favourite genre and artists. 
Some had favourite songs or songs that were particularly meaningful to them. Others could 
not remember specific names of songs. In this case, an iPad was used to search specific artists 
and genres online together with the music therapist. From this, a list was collated of each 
person’s musical choice. This list was not final, and songs were often added to their list 
throughout the baseline and music therapy phases.  
To protect the anonymity of each participant, no identifiable information will be given 
in relation to musical choices. Where at all possible, the selected musical choices of each 
person were incorporated into sessions during the music therapy phase. Most of the selected 
music, or at least the artists or genres were appropriate and compatible for use within 
sessions. The tempo of songs was frequently adapted to suit the gait velocity or target 
movements for each person.  
A wide variety of music was chosen by the participants. Even within individual’s 
lists, there was some variety. Genres included pop, rock, country, Irish traditional, Indie-rock, 
electro-swing, and blues. Traditional Irish, country and pop were particularly popular across 
participants as a whole.  
One participant was bi-lingual and was an Irish speaker. In this case, songs in the Irish 
language were included in their list. Moreover, this complemented their goals within SLT 
sessions, where using both the Irish and English language was a therapeutic goal. Another 
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participant did not initially have any musical preferences to place on their list. Therefore, 
simple chordal progressions at the appropriate tempo were played at the beginning of the 
music therapy phase. As time passed, however, that participant began to suggest songs that 
were subsequently added to their song list.  
In one case, an artist and genre of music was selected that was unsuitable for use in 
sessions. Firstly, the metre in much of the music was too variable to include within the 
protocol for each of the techniques. Secondly, the music contained expletives, which, due to 
the music therapy room’s position next to the paediatric unit, was deemed inappropriate. 
Furthermore, the music in this genre was not suitable for playing on the piano, which was 
necessary for each of the NMT techniques. In order to best facilitate the choice in this case, 
some of the songs included a melody line or chorus were adapted for use and incorporated 
into the sessions. 
Therapeutic Relationship 
The initial meeting between participants and the researcher/clinician took place at 
least one week before individuals entered the baseline phase of the study. Prior to this, 
information had been given to people who were deemed suitable for inclusion, and those 
people had agreed to meet with the researcher. This one to one meeting was intended to give 
further details and information about the music therapy programme and was an opportunity 
for people to ask any questions they had about participating. Any questions or concerns that 
were raised were carefully listened to and thoughtfully answered. Care was taken to ensure 
that people did not feel any undue pressure to participate and were reminded that they could 
withdraw from the study at any stage without having to provide a reason.  
As soon as consent was received, another meeting took place for the purposes of 
eliciting participant’s musical choice. This was important firstly in order to inform and plan 
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the sessions. However, it also represented an important starting point in building a therapeutic 
rapport. Sharing one’s personally preferred music is to share personal information and 
therefore, requires a degree of trust. The process of identifying individual’s preferred music is 
discussed in detail in the next chapter. Most participants happily shared their musical choices, 
and where assistance was needed to find out the name of a song or artist, the researcher 
facilitated this on an iPad. Some people at this point began to share their individual, personal 
associations and memories attached to each song. Some of their experiences related to 
memories of loved ones, while others related to hobbies that they once enjoyed but were no 
longer able to engage in since their injury. One of the participants did not offer much 
information about their preferred music in the initial meeting. However, as time passed, and 
trust was established through the sessions in the baseline phase, they became more willing to 
share their musical choices. From the therapist perspective, unconditional positive regard was 
vital within these meetings. Authenticity and empathy on the part of the therapist was central 
to all interaction. For this researcher/clinician, these humanistic elements were of the utmost 
importance in all aspects of the therapeutic relationship throughout all phases of the 
intervention. 
In all interactions with participants, as stated, emphasis was placed on honesty and 
authenticity. The use of personally preferred songs within the music therapy phase provided 
an opportunity to reflect and discuss various aspects of participants’ lives. Each session lasted 
one hour, which allowed time and space for this reflection. This occurred as a transitionary 
link between each of the NMT techniques, during which the preferred music was played. 
Stories and anecdotes were frequently told about their associations and memories linked to 
the music. In some cases, difficult and upsetting associations arose. A common overall theme 
appeared to be a sense of loss and a loss of ability to engage in previously held interests and 
hobbies. It appeared that the music therapy space was an important one for this discussion 
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and reflection and was the only opportunity for many people in which to process these 
feelings. In an environment that was largely focussed on functional outcomes and goal areas, 
it seemed important to provide a non-judgmental and empathetic space for people to process 
their current situation.  
A person-centred approach was taken in all interactions throughout the clinical 
component of the study. Again, this in no way altered the neuroscience informed approach of 
the NMT techniques. In fact, the techniques can be viewed as person-centred, with the 
emphasis on establishing and working within the current movement parameters of each 
individual. In this way, the focus is on the abilities of each person being used as a starting 
point. The addition of preferred music enhances the person-centred aspect. The needs of each 
person were considered throughout. For example, some participants chose to be accompanied 
to and from the music therapy room before and after sessions. Within sessions, some 
participants wanted more time for reflection and processing between techniques than others. 
Individual needs and requests were respected facilitated wherever possible.  
Data Analysis 
All quantitative data for this study was analysed using Statistical Package for the 
Social Sciences (SPSS) version 26 (IBM Corporation, 2019). Further details of the 
quantitative data analysis are given in chapter six.  
Phase two, the qualitative element of the study, was carried out following Braun & 
Clarke’s (2006) guidelines for thematic analysis, as set out in chapter four. The procedures 
that were followed in conducting the data analysis for both the quantitative phase and 
qualitative phase are described in chapters six and seven.  
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Collaboration with the Interdisciplinary Team 
The inclusion of and the liaison with the interdisciplinary team was crucial in 
developing the methodological procedures for all stages of this research. The sections that 
follow describe this collaboration in relation to each stage.  
Preliminary Consultation 
Prior to receiving ethical approval and due to the obvious link that this study has with 
physiotherapy and psychology, it was necessary for the principal researcher to liaise closely 
with each of the departments to ensure that they were both satisfied with the study protocol 
and methodology. In an attempt to avoid over-testing participants, it was imperative to liaise 
with each department around the outcome measures selected for use in this study and to 
become familiar with the existing practices on-site at the hospital. This study did not aim to 
demonstrate that music therapy was in any way superior to the standard therapies offered in 
the hospital. Conversely, it aimed to promote music therapy, and in particular NMT, as a 
complementary treatment that could potentially enhance the overall rehabilitative treatment 
for individuals with an ABI.  
Several meetings were held with members of the physiotherapy and psychology 
departments. Presentations highlighting the principles of NMT and the techniques that would 
be employed in this study were also given to each team. In order to proceed with submitting 
an application for ethical approval, the support of each department was required. During 
these meetings with each of the relevant departments, discussions took place regarding study 
design, outcome measures, inclusion and exclusion criteria, participant recruitment and 
pathway as well as data analysis following the treatment phase.  
As stated above, the inclusion and exclusion criteria were devised in liaison with the 
members of the IDT to ensure that appropriate referrals were made to the study. While 
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ensuring that all referrals matched the inclusion criteria, care was taken to ensure that 
potentially suitable participants were not unnecessarily excluded. In order to eliminate this 
risk, the speech and language department on-site agreed to assist in the recruitment process 
where the communication skills of potential participants were impaired. For example, one 
participant was experiencing aphasic speech, resulting in difficulties both understanding and 
producing speech. A joint meeting was held with them along with their treating speech and 
language therapist (SLT) to explain thoroughly in an appropriate manner the details of the 
study. Most importantly, the SLT assisted in ensuring that informed consent was being given 
to participate.  
Baseline Phase 
During the baseline phase, each participant’s physiotherapy sessions were observed, 
and close liaison was maintained with the treating physiotherapist in devising a suitable NMT 
treatment plan that incorporated the three sensorimotor techniques being evaluated in this 
study.  
Treatment Phase 
Throughout the treatment phase, close liaison was maintained with the IDT, with 
regular feedback being given in relation to each participant’s progress. In the case of 
paediatric participants, joint sessions were carried out with physiotherapist, who physically 
supported the individual engaging in the NMT techniques. For all participants, weekly 
handover meetings were conducted to ensure that quality of movements were supported 
during sessions. Elements such as body alignment, posture and foot placement were 
discussed in detail in relation to each person.  
Close links were also maintained with the psychology department in relation to mood 




The SLT department agreed to assist in adapting the questionnaire being given post-
treatment to suit participants who could not easily communicate their feedback. This, 
however, was not necessary and all participants had the ability to complete the existing 
questionnaire without SLT assistance.  
A presentation of results and findings was given to the IDT when both the clinical 
work and data analysis were complete. This was viewed as an opportunity to validate results, 
to strengthen and enhance the interpretation and understanding of the results by eliciting the 
perspectives and clinical expertise of the IDT. 
Summary 
This chapter outlined the specific details and methods used to collect the data relating 
to this study. Participant recruitment processes and inclusion criteria in addition to the 
rationale for selecting each of the outcome measures was described. Finally, the collaboration 






This chapter presents the quantitative results that serve to answer, in part, each of the 
main research questions. As outlined in chapter five, commonly with single-case design 
studies, analyses consist of a visual presentation of line plots for each participant. This 
chapter illustrates the results relating to the selected spatiotemporal gait parameters as well as 
mood in line plots. Furthermore, statistical analyses are also provided to further illuminate the 
general trends that are observable through the line plots.  
In seeking to elicit the perceptions of the participants, a survey was distributed when 
the treatment phase was completed (See Appendix J). Participants were given some 
opportunities within the survey to add comments to elaborate upon their responses. The 
quantitative elements of the survey are presented in this chapter, while a thematic analysis of 
the qualitative aspects will be given in chapter seven.  
Sample 
In total, 12 participants took part in the study, 10 adults and 2 children. The 
participants were on average 43.98 years old (SD = 18.74, range: 12-64) Eight participants 
were male (66.7%) and four were female (33.3%). Participants had either experienced a 
stroke (4 participants, 33.3%), traumatic brain injury (3 participants, 25%), haemorrhage (3 
participants, 25%) or an injury following the removal of a tumour (2 participants, 16.7%) (see 
Figure 9). The average time since brain injury was 6.58 months.  
Both paediatric participants were female and two out of ten adult participants were 
female. Both paediatric participants had experienced a brain injury following the removal of a 
brain tumour, while adult participants had experienced either a stroke (4 participants, 40%), 




As outlined in chapter five, participants were assigned sequentially to one of three 
baseline groups. Group one had a baseline period of two weeks, during which there was no 
music therapy treatment. Group two had a baseline of three weeks, while group three had a 
baseline of four weeks. The music therapy treatment phase followed the baseline phase, in 
which participants attended music therapy sessions three times per week in addition to their 
standard therapies.  
Figure 9 




A Shapiro-Wilk test was performed to assess the normality of distribution of the data. 
Data were abnormally distributed, and therefore non-parametric tests were performed for all 
analyses and comparisons. Wilcoxon signed-rank tests were used to assess changes over time 
      Haemorrhage       Stroke    TBI      Tumour 
147 
 
in relation to gait and mood. Spearman’s Rho correlation was used to assess the strength of 
association between two variables. Mann-Whitney tests were used to compare the difference 
between two independent groups, in this case, the difference between changes in gait and 
mood in relation to gender. A Kruskal-Wallis ANOVA test was used to determine any 
relation between changes in gait and mood and the type of injury. The statistical analysis was 
completed using IBM SPSS Statistics for Windows, Version 26.0 (IBM Corporation, 2019). 
For the interpretation of the effect sizes, Cohen’s (1988) benchmarks are employed.  
Overview of Results 
Table 5 below illustrates the overall change from the beginning of the baseline phase 
to the end of the music therapy phase for each of the variables being measured. Table 6 
presents an overview of the changes from the beginning of the music therapy phase to the 
final music therapy session. These will be examined further in the sections that follow. A p-
value of <0.05 was considered statistically significant.  
Table 5 
Overall Change in Variables 
Overall Change N Mean SD Mdn Q1 Q3 Min Max p 
Velocity 12 0.38 0.36 0.32 0.05 0.65 -0.07 1.05 < .01 
Cadence 12 4.56 20.06 4.79 -9.87 17.44 -26.36 44.02 .57 
Stride Length 12 0.36 0.29 0.25 0.13 0.69 0.01 0.83 < .001 
Depression 10 -0.90 3.73 -1.50 -4.00 1.25 -5.00 6.00 .16 







Change in Variables during Music Therapy 
Change during 
Music Therapy 
N Mean SD Mdn Q1 Q3 Min Max p 
Velocity 12 0.31 0.29 0.39 -0.01 0.56 -0.07 0.81 < .05 
Cadence 12 10.67 30.97 6.64 -10.73 26.62 -27.88 68.26 .42 
Stride Length 12 0.19 0.30 0.25 -0.14 0.38 -0.23 0.74 < .05 
Depression 10 -0.80 2.15 -1.00 -2.50 1.25 -4.00 2.00 .41 
Anxiety 10 -1.80 2.25 -2.00 -3.25 -0.75 -5.00 3.00 .05 
 
 Gait parameters were measured pre and post session. The changes for each week 
during the music therapy phase are presented in Table 7 below.  
Table 7 
Changes Pre and Post Session 
 N M SD Mdn Q1 Q3 Min Max p 
Change during week 1          
velocity 12 0.29 0.21 0.35 0.09 0.44 -0.12 0.55 < .01 
cadence 12 11.36 24.38 6.18 -5.30 19.77 -27.38 62.39 .18 
stride 12 0.23 0.44 0.23 -0.17 0.59 -0.36 1.10 .16 
Change during week 2          
velocity 12 0.27 0.20 0.18 0.09 0.45 0.09 0.66 < .001 
cadence 12 2.34 21.38 7.51 0.05 9.44 -56.22 33.69 .20 
stride 12 0.28 0.25 0.20 0.06 0.48 0.01 0.76 < .001 
Change during week 3          
velocity 12 0.16 0.18 0.17 0.01 0.36 -0.10 0.44 < .05 
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cadence 12 8.18 16.30 4.29 -2.06 9.71 -8.95 49.03 .15 
stride 12 0.06 0.15 0.09 -0.02 0.13 -0.18 0.39 .23 
Change during week 4          
velocity 12 0.30 0.26 0.23 0.07 0.52 0.01 0.81 < .001 
cadence 12 -0.60 6.84 -0.40 -3.81 3.92 -16.40 7.86 .91 
stride 12 0.32 0.28 0.19 0.11 0.59 0.01 0.80 < .001 
 
Changes in Gait Parameters Measured by Timed 10m Walk Test 
This study seeks to investigate the impact of NMT sensorimotor techniques on the 
selected spatiotemporal gait parameters, namely velocity, cadence and stride length, for 
adults and children living with an ABI. This section presents the results of the timed 10m 
walk test. The spatiotemporal parameters, velocity, cadence and stride length are presented 
separately below. The data points illustrated in the graphs represent weekly measures taken 
during the baseline phase and measures taken before and after one music therapy session per 
week during the treatment phase.  
It is important to note that all participants were receiving intensive physiotherapy 
throughout the duration of this study. Therefore, they all began music therapy sessions at 
staggered time points, following the baseline period of assessment with no music therapy 
treatment. This was an attempt to try and identify the causal changes and effects associated 
specifically with music therapy. Moreover, the timed 10m walk test was completed directly 
before and after music therapy sessions to demonstrate the immediate effects of the treatment.  
The changes in velocity, cadence and stride length are plotted and discussed from an 
observational perspective, highlighting general trends. Results from the statistical analyses 
are then presented, reporting statistical changes and effect sizes in relation to each of the 




Change in velocity over time per individual is displayed in Figure 10 to Figure 13. 
Measurement times represent one measure per week during the baseline phase and two 
measures per week (pre and post therapy sessions) during the treatment phase.   
Figure 10 




































Velocity in m/s for Participants 10 to 12 
 
From an observational perspective, the plotted measures above appear to show a clear 
change in velocity from before a music therapy session to the measure taken directly after the 
session. In each line plot, each point during the music therapy treatment phase represents pre-
session and post-session. To varying degrees, almost all the points show an increase in 
velocity post session. Moreover, from week to week, the trends show varying degrees of 
decreased velocity between sessions. The overall trend, however, is an observable increase in 
velocity, particularly from the beginning of music therapy phase to the final point.  
Some individuals’ baseline measures of velocity decrease, some increase while others 
remain relatively stable. However, all show increased velocity consistently when music 




To test whether there was a significant increase in speed during treatment a Wilcoxon 
signed-rank test was performed. Overall, there was a significant increase in speed during their 
participation, z (N = 12) = -2.75, pexact < .01. The effect size r = -.79 suggests a large increase 
in speed from the beginning of baseline (Mdn = 0.83) to the end of treatment (Mdn = 1.31). 
Figure 14 
Overall Change in Velocity 
 
Change during Music Therapy Treatment Phase 
To test whether there was a significant increase in speed during the music therapy 
phase, a Wilcoxon signed-rank test was performed. Overall, there was a significant increase 
in speed during the music therapy phase, z (N = 12) = -2.40, pexact < .05. The effect size r = -
.69 suggests a large increase from the beginning of music therapy (Mdn = 0.67) to the end of 
therapy (Mdn = 1.31). 
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For participants with a 2-week baseline phase a Wilcoxon signed-rank test revealed 
no significant increase in speed during music therapy treatment phase, z (N = 4) = -0.73, pexact 
= .63. The effect size r = -.37 suggests a moderate increase from the beginning of therapy 
(Mdn = 0.64) to the end of therapy (Mdn = 1.16). 
For participants with a 3-week baseline phase a Wilcoxon signed-rank test revealed 
no significant increase in speed during therapy phase, z (N = 4) = -1.46, pexact = .25. The 
effect size r = -.73 suggests a large increase from the beginning of therapy (Mdn = 1.01) to 
the end of therapy (Mdn = 1.38). 
For participants with a 4-week baseline phase a Wilcoxon signed-rank test revealed 
no significant increase in speed during therapy phase, z (N = 4) = -1.60, pexact = .25. The 
effect size r = -.80 suggests a large increase from the beginning of therapy (Mdn = 0.58) to 
the end of therapy (Mdn = 1.24). 
Figure 15 




Change Pre and Post Session 
For each week of the treatment phase, tests were performed to determine whether 
there was a significant increase in speed after music therapy sessions compared to before the 
sessions, using Wilcoxon signed-rank tests. For each week, a significant increase in speed 
was found (week 1: z (N = 12) = -2.83, p < .01; week 2: z (N = 12) = -3.06, p < .001; week 3: 
z (N = 12) = -2.35, p < .05; week 4: z (N = 12) = -3.10, p < .001). Effect-sizes suggest a large 
increase in speed during each week of therapy (week 1: r = -.82; week 2: r = -.88; week 3: r = 
-.68; week 4: r = -.89). Appendix M presents the boxplots illustrating the velocity changes 
from pre to post session for each week of music therapy.  
Cadence 
Change in cadence over time per individual is displayed in Figure 16 to Figure 19. 
Measurement times represent one measure per week during the baseline phase and two 




















































Cadence in Steps per Minute for Participants 10 to 12 
 
The line plots above show that cadence varies quite a lot amongst participants. For 
some, it remains relatively consistent and stable throughout. However, for others, there are 
considerable fluctuations. These can be observed for example in the line plot for participants 
3, 7, 10, 11 and 12. These fluctuations are particularly obvious for the individuals who are in 
the four-week baseline phase, during which there was no music therapy.  
Music therapy appears to have a positive impact, and in the majority of pre- to post-
session measures, an increase in cadence is observed. For the more stable line plots, music 




To test whether there was a significant increase in cadence during treatment, a 
Wilcoxon signed-rank test was performed. Overall, there was no significant increase in 
cadence during participation z (N = 12) = -0.63, pexact = .57. The effect size r = -.18 suggests a 
small increase from the beginning of baseline (Mdn = 100.89) to the end of treatment (Mdn = 
108.41). 
Figure 20 
Overall Change in Cadence 
 
Change during Music Therapy Phase 
To test whether there was a significant increase in cadence during the music therapy 
phase, a Wilcoxon signed-rank test was performed. Overall, there was no significant increase 
in cadence during therapy phase, z (N = 12) = -0.86, pexact = .42. The effect size r = -.25 
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suggests a small increase from the beginning of therapy (Mdn = 97.65) to the end of therapy 
(Mdn = 108.41). 
For participants with a 2-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant increase in cadence during therapy phase, z (N = 4) = -0.00, pexact = .99. The 
effect size r = .00 suggests no increase from the beginning of therapy (Mdn = 97.65) to the 
end of therapy (Mdn = 112.35). 
For participants with a 3-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant increase in cadence during therapy phase, z (N = 4) = -0.73, pexact = .63. The 
effect size r = -.37 suggests a moderate increase from the beginning of therapy (Mdn = 
100.08) to the end of therapy (Mdn = 108.41). 
For participants with a 4-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant increase in cadence during therapy phase, z (N = 4) = -1.10, pexact = .38. The 
effect size r = -.55 suggests a large increase from the beginning of therapy (Mdn = 69.42) to 












Change in Cadence during Music Therapy 
 
Change Pre and Post Session 
For each week of the treatment phase, tests were performed to determine whether 
there was a significant increase in cadence after music therapy sessions compared to before 
the sessions, using Wilcoxon signed-rank tests. No significant increase in cadence was found 
for any of the weeks (week 1: z (N = 12) = -1.41, p = .18; week 2: z (N = 12) = -1.33, p = .20; 
week 3: z (N = 12) = -1.49, p = .15; week 4: z (N = 12) = -0.16, p = .91). Effect-sizes suggest 
a moderate increase in cadence during week 1, 2 and 3 of therapy but no improvement during 
week 4 of therapy (week 1: r = -.41; week 2: r = -.38; week 3: r = -.43; week 4: r = -.05). 
Appendix N displays the changes in cadence from pre to post session for each week during 
the music therapy phase.  
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Stride Length  
Change in stride length over time per individual is displayed in Figure 22 to Figure 
25. Data points represent one measure per week during the baseline phase and two measures 
per week (pre and post music therapy sessions) during the treatment phase.   
Figure 22 




































Stride Length in Metres for Participants 10 to 12 
 
 
Frequent fluctuations across most participants are shown in the line plots above, 
displaying measures for stride length. Participants 2, 6 and 9 remain relatively consistent 
throughout. For most however, regular increases and decreases are observed.  
There are some striking increases shown from the beginning of music therapy 
sessions to the end. For example, participant 1 displays a sharp increase in stride length 





To test whether there was a significant increase in stride length during the whole 
duration of participation, a Wilcoxon signed-rank test was performed. Overall, there was a 
significant increase in stride length during treatment, z (N = 12) = -3.06, pexact < .001. The 
effect size r = -.88 suggests a large increase from the beginning of baseline (Mdn = 0.86) to 
the end of treatment (Mdn = 1.41). 
Figure 26 
Overall Change in Stride Length 
 
Change during Music Therapy Treatment Phase 
To test whether there was a significant increase in stride length during the music 
therapy phase, a Wilcoxon signed-rank test was performed. Overall, there was a significant 
increase in stride length during therapy phase, z (N = 12) = -2.08, pexact < .05. The effect size r 
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= -.60 suggests a large increase from the beginning of music therapy sessions (Mdn = 1.11) to 
the end (Mdn = Mdn = 1.41).  
For participants with a 2-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant increase in stride length during the music therapy phase, z (N = 4) = -1.83, pexact 
= .13. The effect size r = -.92 suggests a large increase from the beginning of music therapy 
(Mdn = 0.87) to the end (Mdn = 1.25). 
For participants with a 3-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant increase in stride length during the music therapy phase, z (N = 4) = -1.46, pexact 
= .25. The effect size r = -.73 suggests a large increase from the beginning of music therapy 
(Mdn = 1.2) to the end (Mdn = 1.58). 
For participants with a 4-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant increase in stride length during the music therapy phase, z (N = 4) = -0.00, pexact 
= .99. The effect size r = .00 suggests no increase from the beginning of music therapy (Mdn 












Change in Stride Length during Music Therapy 
 
Change Pre and Post Session 
For each week of the treatment phase, tests were performed to determine whether 
there was a significant increase in stride length after music therapy sessions compared to 
before the therapy sessions, using Wilcoxon signed-rank tests. A significant increase in stride 
length was found for weeks 2 and 4 (week 1: z (N = 12) = -1.45, p = .16; week 2: z (N = 12) = 
-3.06, p < .001; week 3: z (N = 12) = -1.26, p = .23; week 4: z (N = 12) = -3.06, p < .001). 
Effect-sizes suggest a large increase in stride length during week 2 and 4 and a moderate 
increase during week 1 and 3 of therapy (week 1: r = -.42; week 2: r = -.88; week 3: r = -.36; 
week 4: r = -.88). Appendix O presents the changes in stride length from pre to post session 
for each week during the music therapy phase.  
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Anxiety and Depression (HADS) 
This research seeks to assess whether positive secondary outcomes relating to mood, 
can be achieved simultaneously to the primary physical goals. In answering this, The HADS, 
as shown in Appendix H, was completed once per week during both the baseline and music 
therapy treatment phases. The anxiety and depression results are presented separately below. 
First, the scores are plotted in linear graphs to identify general trends for each participant. 
The non-parametric statistical analyses are then presented.  
Anxiety 
Change in levels of anxiety are presented in Figure 28 to Figure 32 below. Note that 
participants 3 and 8 are missing from this presentation, as they are both paediatric 
participants for whom the HADS is not valid. Their mood results will be presented separately 


































































Changes in Anxiety for Adult Participants 11 and 12 (HADS) 
 
A visual observation of the line plots above reveals many sharp increases and 
decreases in levels of anxiety amongst participants. A rising trend represents an increase in 
levels of anxiety. From week to week for many of the participants, there are considerable 
changes. However, the general trend, from an observational perspective, shows a decrease in 
anxiety during the music therapy phase.  
Overall Change in Anxiety 
To test whether there was a significant change in anxiety during treatment, a 
Wilcoxon signed-rank test was performed. Overall, there was no significant reduction in 
anxiety during the overall duration of participation, z (N = 10) = -1.56, pexact = .16. The effect 
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size r = -.49 suggests a moderate reduction from the beginning of baseline (Mdn = 4.50) to 
the end of treatment (Mdn = 1.00). 
Figure 33 
Overall Change in Anxiety 
 
Change in Anxiety during Music Therapy Phase 
To test whether there was a significant change in anxiety during the music therapy 
phase, a Wilcoxon signed-rank test was performed. Overall, there was no significant 
reduction in anxiety during the music therapy phase, z (N = 10) = -1.97, pexact = .05. The 
effect size r = -.62 suggests a large reduction in anxiety from the beginning of music therapy 
(Mdn = 4.50) to the end (Mdn = 1.00). 
For participants with a 2-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant change in anxiety during the music therapy, z (N = 3) = -1.34, pexact = .50. The 
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effect size r = -.77 suggests a large reduction in anxiety from the beginning of music therapy 
(Mdn = 5.00) to the end (Mdn = 1.00). 
For participants with a 3-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant change in anxiety during the music therapy phase, z (N = 3) = -1.60, pexact = 
.25. The effect size r = -.92 suggests a large reduction in anxiety from the beginning of music 
therapy (Mdn = 2.00) to the end (Mdn = 1.00). 
For participants with a 4-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant change in anxiety during the music therapy phase, z (N = 4) = -0.73, pexact = 
.63. The effect size r = -.36 suggests a moderate reduction in anxiety from the beginning 
(Mdn = 4.00) to the end of music therapy (Mdn = 1.00). 
Figure 34 





Change in depression over time for each participant is shown in Figure 35 to Figure 
39 below. Participants 3 and 8 are missing from this presentation, as they are both paediatric 
participants for whom the HADS is not valid.  
Figure 35 

















































Changes in Depression for Adult Participants 11 and 12 (HADS) 
 
The line plots above display the levels of depression as reported by participants in the 
HADS. Like anxiety, a rising trend represents an increase in depressive symptoms. From 
week to week, there are considerable fluctuations amongst most participants. There does not 
seem to be a consistent trend, suggesting the heterogeneity of symptoms from person to 
person. In six cases, a decrease in depressive symptoms can be seen from the beginning to the 
end of the music therapy phase. For three participants, there is a slight increase, while one 




Overall Change in Depression 
To test whether there was a significant change in depression during treatment, a 
Wilcoxon signed-rank test was performed. Overall, there was no significant reduction in 
depression during the overall duration of participation, z (N = 10) = -0.71, pexact = .52. The 
effect size r = -.22 suggests a small reduction from the beginning of baseline (Mdn = 4.50) to 
the end of treatment (Mdn = 2.50). 
Figure 40 
Overall Change in Depression 
 
Change in Depression during Music Therapy Phase 
To test whether there was a significant change in depression during the music therapy 
phase, a Wilcoxon signed-rank test was performed. Overall, there was no significant change 
in depression during this phase, z (N = 10) = -0.96, pexact = .41. The effect size r = -.30 
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suggests a moderate reduction in depression from the beginning (Mdn = 5.00) to the end of 
music therapy (Mdn = 2.50). 
For participants with a 2-week baseline phase, a Wilcoxon signed-rank test revealed 
no significant change in depression during the music therapy phase, z (N = 3) = -1.60, pexact = 
.25. The effect size r = -.92 suggests a large reduction from the beginning (Mdn = 3.00) to the 
end of music therapy (Mdn = 2.0). 
For participants with a 3-week baseline phase, a Wilcoxon signed-rank test showed no 
significant change in depression during the music therapy phase, z (N = 3) = -1.34, pexact = 
.50. The effect size r = -.77 suggests a large increase from the beginning (Mdn = 5.00) to the 
end of music therapy (Mdn = 6.00). 
For participants with a 4-week baseline phase, a Wilcoxon signed-rank test showed no 
significant change in depression during the music therapy phase, z (N = 4) = -0.74, pexact = 
.63. The effect size r = -.37 suggests a moderate reduction in depression from the beginning 
(Mdn = 5.50) to the end of music therapy (Mdn = 4.00). 
Figure 41 





Due to the sequential assignment of participants to each of the baseline groups, one 
paediatric participant had a baseline period of two weeks, while the other had a three-week 
baseline period, as shown below.  
Changes in mood over time as measured by the Short Mood and Feelings 
Questionnaire (SMFQ) for both paediatric participants are displayed in Figure 42.  
Figure 42 
Changes in Mood for Paediatric Participants (SMFQ) 
 
It was not possible to perform any statistical analysis with the data generated from the 
SMFQ, as there were only two paediatric participants recruited in the study. However, the 
line plots above display the results from the SMFQ (See Appendix I). A rising trend 
represents an increase in depressive symptoms. It is important to clarify, however, that the 
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SMFQ is not a tool for a definitive diagnosis of depression. A total score of 8 or above in the 
SMFQ is considered significant.  
During the baseline phase, before music therapy sessions began, there is a noticeable 
increasing trend for both children. During the music therapy treatment phase, however, there 
is a clear decrease in depressive symptoms. This is especially noticeable in the line plot for 
participant 8. Although it is difficult to draw any conclusions with only two children, a 
positive trend can clearly be seen. 
Participants’ Perceptions 
All participants completed a survey when music therapy ended. This survey is shown 
in Appendix J. The survey results are presented in the following sections.  
Reaching Physical Goals 
Participants were asked to rate from “very poor” to “very good” on a 5-point scale, 
the impact of the music therapy programme on achieving gait-related physical goals. 
Half of the participants (6 participants, 50%) perceived that it made a “very good” 
contribution towards reaching physical gait-related goals, 5 participants (41.7%) rated the 
contribution as “good” and only one participant (8.3%) as “fair.” 
Health Benefits 
Participants were asked whether they perceived the music therapy programme as 
being beneficial for their overall health.  
Most of the participants (10 participants, 83.3%) perceived that it was beneficial for 
their health, no participant perceived that is was not beneficial and 2 participants (16.7%) did 
not know whether it was of benefit for their health or not. 
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Impact on Mood 
Participants were asked whether the music therapy programme had any impact on 
their feelings. A space was provided for comment in relation to this item.  
Most of the participants (11 participants, 91.7%) perceived that it had a positive 
impact on their mood, only one participant (8.3%) perceived no mood impact.  
Improving Music Therapy Programme 
Most of the participants (7 participants, 58.3%) perceived that the music therapy 
programme could not be improved, no participant perceived that it could be improved and 5 
participants (41.7%) indicated that they did not know whether it could be improved or not. 
Overall Experience  
Five participants (41.7%) stated that their experience of the NMT treatment was “very 
good,” six participants (50%) stated that it was a “good” experience and only one participant 
(8.3%) stated that it was a “fair” experience.  
Recommendation of Music Therapy 
Most of the participants (11 participants, 91.7%) would recommend the music therapy 
treatment to others, none of the participants would not recommend it and one participant 
(8.3%) did not know whether they would recommend music it or not.  
Correlation of Gait, Mood and Demographics 
Tests were performed to ascertain whether there were any correlations between the 
gait related results and demographic information and similarly between mood and 
demographics. In doing so, the researcher aims to further enhance understanding of the 
impact of NMT on the primary and secondary outcomes of the study and to highlight any 
influence that such variables as age, gender, type of injury and time since injury may have on 
the potential efficacy of NMT. The results of the correlations are given below.  
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Gait and Mood 
A Spearman’s rank order correlation was performed to assess whether there were any 
correlations between gait and mood parameters. Results indicate that overall change in gait 
parametes was not significantly related to overall change in mood parameters. Appendix P 
contains scatterplots that demonstrate the overall correlations between gait and mood 
parameters. 
Overall change in velocity showed no association with the overall change in anxiety 
(rs = -.02) or depression (rs = -.01). Overall change in cadence showed a small negative 
association with overall change in anxiety  (rs = -.12) and a strong positive association with 
overall change in depression (rs = .56). These findings indiate that an improvement in 
cadence was associated with a reduction in anxiety, but this association did not reach 
significance. Overall change in stride length showed small negative associations with overall 
change in anxiety  (rs = -.17) and depression (rs = -.21). These findings indiate, that an 
improvement in stride length was associated with a reduction in anxiety and in depression, 












Inter-correlations between Overall Change in Gait and Mood 
 1 2 3 4 5 
1) Overall change in velocity 1 .64* .87** -.02 -.01 
2) Overall change in cadence  1 .34 -.12 .56 
3) Overall change in stride length   1 -.17 -.21 
4) Overall change in anxiety    1 -.03 
5) Overall change in depression     1 
Note. * p<.05 ** p<.01 
A Spearman’s rank order correlation was also performed to assess whether there were 
any inter-correlations between changes in gait parameters and mood durign the music therapy 
phase. Results indicate that changes in gait parameters during the music therapy phase were 
not significantly related to change in anxiety or depression. Appendix Q contains the 
scatterplots that illustrate the correlations between gait and mood parameters during the 
music therapy phase.  
Change in velocity during the music therapy phase showed a small negative 
association with change in anxiety during music therapy (rs = -.20) and  a moderate positive 
association with change in depression during music therapy  (rs = -.38). These findings 
indiate, that an improvement in velocity was associated with a reduction in anxiety. This 
association did not, however, reach significance. Change in cadence during music therapy 
showed a moderate negative association with change in anxiety during music therapy (rs = -
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.45) and a moderate positive association with change in depression during music therapy (rs = 
.34). These findings indicate, that an improvement in velocity was associated with a reduction 
in anxiety, but this did not reach significance. Change in stride during music therapy showed 
small to moderate positive associations with change in anxiety  (rs = .39) and depression (rs = 
.18) during music therapy. These findings indiate, that an improvement in stride was 
associated with an increase in anxiety and in depression, allbeit both associations did not 
reach siginificance. 
Table 9 
Inter-correlations between Change in Gait and Mood during Music Therapy 
 1 2 3 4 5 
1) Change in velocity during music therapy  1 .73** .19 -.20 .38 
2) Change in cadence during music therapy  1 -.41 -.45 .34 
3) Change in stride length during music 
therapy 
  1 .39 .18 
4) Change in anxiety during music therapy     1 .19 
5) Change in depression during music 
therapy 
    1 
Note. * p<.05 ** p<.01 
Age 
There were no significant relations (Spearman’s Rho) between age and the overall 
change in velocity (rs = .18, p = .57), cadence (rs = -.31, p = .33) or stride length (rs = .49, p = 
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.11). However, effect sizes suggest a moderate negative relation between age and change in 
cadence, the older the participants, the less the change in cadence. Moreover, effect sizes 
suggest a moderate positive relation between age and stride, the older the participants the 
greater the change in stride. 
Whereas there was no significant relation (Spearman’s Rho) between age and change 
in anxiety (rs = -.09, p = .80), there was a strong negative and significant relation between age 
and the change in depression (rs = -.66, p < .05). The older the participants were, the greater 
the decrease in depression.   
Gender 
A Mann-Whitney test indicated that overall change in velocity did not significantly 
differ between males (Mdn = 0.44) and females (Mdn = 0.13), U = 9.00, z = -1.19, pexact = .28. 
The effect size r = -.34 suggests a moderate effect in favour of males. 
A Mann-Whitney test indicated that overall change in cadence did not significantly 
differ between males (Mdn = 11.12) and females (Mdn = -9.56), U = 7.00, z = -1.53, pexact = 
.15. The effect size r = -.44 suggests a moderate effect in favour of males. 
A Mann-Whitney test indicated that overall change in stride length did not 
significantly differ between males (Mdn = 0.31) and females (Mdn = 0.13), U = 7.00, z = -
1.53, pexact = .15. The effect size r = -.44 suggests a moderate effect in favour of males. 
A Mann-Whitney test indicated that overall reduction in anxiety did not significantly 
differ between males (Mdn = -2.0) and females (Mdn = 0.50), U = 2.50, z = -1.45, pexact = .22. 
The effect size r = -.46 suggests a moderate effect in favour of males. 
A Mann-Whitney test indicated that overall reduction in depression did not 
significantly differ between males (Mdn = -1.0) and females (Mdn = -4.50), U = 0.50, z = -
1.97, pexact = .11. The effect size r = -.62 suggests a strong effect in favour of females. 
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Time Since Injury 
There were no significant relations (Spearman’s Rho) between time since injury and 
the overall change in velocity (rs = -.53, p = .08) or cadence (rs = -.17, p = .60). However, 
effect sizes suggest a strong negative relation between time since injury and change in 
velocity, the more time has passed since the injury, the less the change in speed. There was a 
strong significant negative relation between time since injury and change in stride length (rs = 
-.65, p < .05), the more time has passed since the injury, the less the change in stride length. 
Moreover, time since injury was not significantly related to overall change in depression (rs = 
-.01, p = .97) or overall change in anxiety (rs = .26, p = .48). 
Type of Injury 
A Kruskal-Wallis ANOVA indicated that overall change in velocity was not affected 
by type of injury, H(2) = 0.34, pexact = .90 (MdnStroke = 0.46, MdnTBI = 0.41, MdnHemorrhage = 
0.38). The effect size r = .13 suggests a small effect. 
A Kruskal-Wallis ANOVA indicated that overall change in cadence was not affected 
by type of injury, H(2) = 0.12, pexact = .97 (MdnStroke = -0.87, MdnTBI = 7.85, MdnHemorrhage = 
1.72). The effect size r = .04 suggests a negligible effect. 
A Kruskal-Wallis ANOVA indicated that overall change in stride length was not 
affected by type of injury, H(2) = 0.89, pexact = .69 (MdnStroke = 0.55, MdnTBI = 0.27, 
MdnHemorrhage = 0.22). The effect size r = .38 suggests a moderate effect. 
A Kruskal-Wallis ANOVA indicated that overall change in anxiety was not affected 
by type of injury, H(2) = 2.59, pexact = .28 (MdnStroke = -3.00, MdnTBI = -3.00, MdnHemorrhage = 
0.00). The effect size r = .79 suggests a strong effect. 
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A Kruskal-Wallis ANOVA indicated that overall change in depression was not 
affected by type of injury, H(2) = 1.64, pexact = .46 (MdnStroke = -2.50, MdnTBI = -2.00, 
MdnHemorrhage = 0.00). The effect size r = .62 suggests a strong effect. 
Conclusion 
In seeking to evaluate the impact of the NMT programme on gait parameters and 
mood, the timed 10m walk test, the HADS and the SMFQ were completed weekly by all 
participants, the results of which have been presented in this chapter. In addition to the 
validated tests, a survey was distributed following the music therapy phase in order to gain 
the perceptions of participants relating to the music therapy programme.  
In relation to the selected spatiotemporal gait parameters, a significant increase in 
velocity was recorded during the music therapy phase. There were no significant changes 
found in relation to cadence. However, a significant increase in stride length was found 
during the music therapy phase. Furthermore, a significant improvement in both velocity and 
stride length were found from pre-music therapy session to post. It is interesting to observe 
the effect sizes found in relation to each of the gait parameters, because even though 
statistical significance may not have been found in some categories, a large effect may still be 
shown.  
In relation to mood, the HADS was completed by adult participants while the SMFQ 
was completed by the children. There was no significant change found in relation to anxiety. 
However, the effect size during the music therapy phase suggests a large reduction in anxiety.  
There was no significant change found in levels of depression. However, effect size 
suggests a moderate reduction during the music therapy phase. Interestingly, the effect size 
for participants with a two- and three-week baseline period and therefore a longer period of 
music therapy, suggests a large reduction in depressive symptoms.  
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Statistical analyses of the children’s SMFQ could not be completed with a sample of 
two. However, the line plots of results indicate a decrease in depressive symptoms for both 
children.  
Survey results reveal that 92% of participants perceived the music therapy programme 
as being either good or excellent in contributing towards their physical, gait-related goals. 
Similarly, 92% of participants report a positive impact on mood.  
While the results presented in this chapter are not without limitations, particularly 
considering the small sample size, they are extremely encouraging and suggest the positive 
impact of the music therapy programme. In seeking to further illuminate the quantitative 
results presented here, participants and specialist clinicians were given the opportunity to 
elaborate and comment on a number of items on the feedback survey. Thematic analysis was 








This chapter presents the qualitative results relating to this mixed methods study. The 
qualitative data was gathered in two ways.  
Firstly, feedback was given by participants on a survey. As discussed in chapter five, 
the survey was distributed and completed by participants when all clinical sessions were 
completed (See Appendix J). In addition to the quantitative items, four open-ended items 
were included to offer participants the opportunity to add qualitative feedback and comments 
regarding their experience of NMT and their participation in the study.  
Secondly, video analysis was conducted by two clinical specialist physiotherapists in 
ABI. Their qualitative analysis of a sample of video footage of pre and post timed 10m walk 
tests and a sample of footage from music therapy sessions was recorded.  
Aims 
This qualitative phase of the study seeks to elicit the perceptions of participants 
regarding their experience of the music therapy programme and the clinical expertise and 
knowledge of clinical specialist physiotherapists in the field of ABI.   
Both items aim to provide qualitative results that may enhance and illuminate the 
quantitative results reported in chapter six relating to gait and mood outcomes. In terms of 
measuring mood over the course of 6-8 weeks, the potential of seeing significant quantitative 
changes on the HADS or SMFQ scales may be limited. Therefore, providing the opportunity 
for participants to give qualitative feedback on their perception of the impact of music 
therapy may shed further light on the trends that are observed in the quantitative results 
relating to mood. In terms of the video analysis, this provides the opportunity for clinical 
specialist physiotherapists in ABI to give their qualitative observations regarding the impact 
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of NMT techniques on the movement of participants. While the quantitative results give 
objective evidence of any changes in movement, the qualitative aspect illuminates these 
results by offering an explanation as to how and why changes may have occurred. 
Thematic Analysis 
Braun & Clark’s (2006) method of thematic analysis (TA) was used to identify, 
analyse and report the qualitative findings. The six-phase approach, as outlined in chapter 
five, guides the outline of this chapter and the presentation of themes arising from the 
collected data.  
The researcher considered conducting TA for both qualitative aspects together, 
namely the survey completed by participants and the video analysis completed by 
physiotherapists. In this way, the data generated from the survey and from the video analysis 
would be combined into one data set. However, as the focus of both elements varies 
considerably and from different perspectives, it was decided that conducting TA for both 
aspects separately at first might optimise the data gathered and allow for stronger conclusions 
to be made. The TA from both aspects is integrated in chapter eight, Discussion. The 
qualitative elements will be integrated with the quantitative results and will be presented as 
themes that encapsulate each aspect. 
The study seeks to provide a detailed description of the data to identify the 
predominant themes. However, it is important to note that in the case of the survey, each of 
the participants are responding to specific questions relating to each of the research questions 
so these direct, to a certain extent, the direction of the comments. Nonetheless, an inductive 
approach is assumed in that the themes are identified from the data themselves and not by the 
questions that participants were responding to. In this way, the codes and themes were not 
produced to fit into a pre-existing framework. Furthermore, a semantic approach is adopted 
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by the researcher, and themes are identified through the explicit meaning of participants’ 
feedback and of physiotherapists’ analysis.  
Although the thematic analysis is presented in the six-phase order, it is important to 
note that the process involved moving constantly back and forth between the codes, themes 
and the original data set.  
The two sections that follow present the findings as identified and produced through 
the six phases of Braun & Clarke’s TA (2006). Findings from the survey containing 
participant’s feedback are presented first. Thereafter, the findings from the video analysis are 
reported.  
Survey Results 
This section is the TA of participants’ feedback and perceptions of the music therapy 
programme as gathered by the survey post-treatment. The video analysis component will be 
presented in the next section.  
Phase One: Immersion in the Data 
The data were written out and read several times before moving onto the second phase 
of the analysis. While all twelve participants completed the survey, only eleven chose to 
elaborate on their responses by providing additional comments, which form the basis for the 
TA in this section.  
Phase Two: Initial Codes 
Initial codes were identified from the data set and were produced in such a way as to 
allow for as many themes as possible. Through a recursive process of reading, re-reading, and 
organising, the codes were produced. During the coding phase, equal attention was given to 
each part of the data, retaining the context of the codes as they appear in the data set.  
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Table 10 below shows the codes that were produced from the data set. Although the 
researcher takes a highly critical and objective stance in analysing the data set, it is clear from 
the table below that the reported overall impact of the music therapy treatment is positive. A 
significant number of codes relate to improvements in mood and walking and occur several 
times throughout the data. At this initial phase, it is also of interest to the researcher that 
many comments combined both the walking and mood improvements together as one. 
Another point of interest is that the word “always” is noticeably used several times in 
describing improvements, particularly in relation to mood.  
There are several comments that relate to motivation. Furthermore, the idea of song 
choice seems also to be significant. A number of comments relate to trust in the therapist, 
suggesting the importance of a positive therapeutic relationship.  
An unexpected finding at this initial phase is the number of unique ways in which 
music therapy appears to effect and help individuals. For some it helped them to relax, focus, 
forget and enjoy, while for others it provided a welcomed distraction. 
These codes provide the direction for the development of themes in the next phase of 
the analysis. It is clear from the table below that the amount of qualitative data to analyse 
from the participant’s survey is quite small.  
Table 10 
Codes Produced: Participants’ Feedback 
Data Extract Codes 
Always in a good mood • MT always helped my mood 
• Therapeutic relationship is important 
• Good explanation is important 
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Data Extract Codes 
Therapist is very nice. We get on well, 
makes things easier. He is very good at 
explaining things to me.  
 
I can focus on the music and relax, but at 
the same time, I am doing exercise. 
Music always works for me. I enjoyed the 
songs that were chosen. I can relax and feel 
happy during the session. 
I wouldn’t change it. I am very happy. 
Focus on favourite song. Increase in good 
mood. Sometimes, I forget I am in hospital. 
Just a minute of forgetting is nice.  
 
• Music helped me focus, relax and 
exercise at the same time 
• My favourite songs of choice always 
helped improve my mood 
• Music helps me forget I am in 
hospital 
I found taking part made physio 
appointments fun. The rhythm of the music 
gave me motivation to push myself.  
Definitely, the music and singing was so 
uplifting, it gave me more pep in my step. 
For me, I felt taking part made a great 
improvement to my care. I was much more 
steady [sic.] on my feet. I enjoyed all of the 
musical instruments. Thanks most sincerely 
in helping me.  
• Rhythm motivated me to push 
myself and made me steadier on my 
feet and improved speed 
• Music made physio sessions more 
fun and uplifting  
• Taking part improved my care 
• I am grateful 
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Data Extract Codes 
The music allowed my body to move to the 
music and the rhythm.  
The music of choice was very uplifting and 
therapeutic. 
The music allowed me to sing the songs and 
move to the rhythm. 
 
• Songs of choice and rhythm were 
uplifting and helped my movements 
at the same time 
 
If health means walking, then yes, it helped 
me walk. It was the distraction I needed. 
The rhythm helped with my pacing and the 
beat of the music allowed me to walk with 
less problems.  
Yes, because it helped me achieve 
something. Naturally, it made me feel 
better. I am glad I got involved. 
I don’t know. Each person’s requirements 
are different. That’s why the therapist has 
training to know how to change the program 
accordingly. 
It can’t do you any harm. If you can move a 
little bit forward, it is an improvement. I 
was originally sceptical because I had no 
previous knowledge of music/therapy but 
• Rhythm helped improve the speed 
and quality of my walking  
• Less problems walking 
• Music provided a welcomed 
distraction 
• It improved my mood by helping me 
achieve something 
• I am glad I took part as I was 
sceptical 
• I trust the therapist to adapt to 
individuals’ needs 
• It helped me move forward 
• It is non-invasive 
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Data Extract Codes 
am glad the physiotherapist recommended I 
take part.  
 
My mood has significantly improved. 
The days when I had music therapy, I felt 
more in sync.  
 
• It significantly improved my mood 
• I felt more in sync on music therapy 
days 
 
It got me up and walking which was good 
for me. 
Listening to music is a big passion of mine, 
so I was always in a good mood after music 
therapy.  
 
• I was always in a good mood after 
sessions 
• I love listening to music 
• It was good for me 
• It got me up and walking 
I enjoyed exercise to music, and it helped 
keep my mood up.  
I found it interesting 
 
• Exercising to music helped improve 
my mood 
• It was interesting 
Yes. Exercise.  
Yes. Feel better 
 
• It helped with my exercise and 
improved my mood 
Yes. Walking to the beat.  
Yes. Found myself singing during the day.  
 
• It helped to improve my gait 




Data Extract Codes 
I found it very interesting to see that we 
could take 11 seconds off a ten-metre walk.  
 
• It was interesting 
• It improved the speed of my walking 
 
Phase Three: Searching for Themes 
When the initial codes were produced, those that appeared to share commonalities 
were organised into groups of potential themes. Similar to phase two, this phase consisted of 
a constant re-writing and re-organisation of potential themes and their contributary codes. 
Table 11 below shows the potential themes and their relevant codes. Most of the codes fit 
quite readily into each of the potential themes. However, there were some that did not 
initially appear to share commonalities or belong to a specific theme. After careful 
consideration, they were temporarily placed into a miscellaneous category at this point.  
Table 11 
Emerging Themes Identified: Participants’ Feedback 
Related Codes Emerging Themes 
• Always in a good mood 
• Improved mood 
• I feel happy in sessions 
• Sessions were uplifting using 
instruments 
• MT significantly improved my mood 




Related Codes Emerging Themes 
• Exercising to music helped improve 
my mood 
• It helped me feel better 
• It improved my mood and I began to 
sing outside of sessions 
• Therapeutic relationship is important 
• Good explanations are important 
• I trust the therapist to adapt to 
individual needs 
Therapeutic Relationship 
• Music helped me exercise 
• I am steadier on my feet 
• Rhythm helped my movements 
• Rhythm improved the quality of walk 
and my pacing 
• I felt more in sync 
• It got me up and walking 
• It helped me to exercise 
• It helped improve my pacing 
• It improved the speed of my walking 
Movement 
• Rhythm motivated me to do more and 
push myself 
• I love listening to music 
Motivation 
• Just a minute of forgetting is nice Time 
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Related Codes Emerging Themes 
• ‘Always’ 
• I always enjoyed my favourite songs 
of choice 
• Songs of choice helped my 
movements 
Choice 
• Music helped me focus and relax 
• Music helped me forget I am in 
hospital 
• The music made physiotherapy more 
fun 
• MT improved my care  
• I am grateful 
• Music provided a welcomed 
distraction  
• It helped me to achieve something 
• Glad to take part as I was sceptical  
• MT is non-invasive 
• It helped me move forward 
• It was interesting 
Miscellaneous 
 
From here a more refined set of themes and sub-themes were produced. Some of the 
potential themes presented above were combined.  
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The themes relating to mood and movement remained as separate themes. However, 
the miscellaneous category of codes was carefully considered. After much careful analysis, 
all of the codes appeared to describe the unique and various ways that music helped or 
improved the overall care for participants. The codes and themes were re-organised once 
more to produce four potential themes to include mood, movement, motivation and overall 
improvement. This re-organisation is presented in Table 12 below.  
Table 12 
Refined Themes: Participants’ Feedback 
Theme Sub-theme Refined codes 
Improved mood  • Feel better 
• Exercising to music 
• Singing outside sessions 
 
Helped with movement • Elements of 
movement that 
improved 
• Speed  
• Steadier 




Music motivates  • A push forward to move 
• Motivation to do more 
Helped to move forward and 
improve overall care 













• Initially sceptical 
 
Phase Four: Reviewing Themes 
It became clear at the end of the previous phase that all codes relevant to motivation 
were strongly linked to movement, and the motivation to move provided by music. “Overall 
improvement” appears to represent the unique way that music can access individual needs 
and preferences. Moreover, “Individuality” is seen in the various ways that music helps 
people, from providing distraction to offering opportunities to relax and focus. Therefore, it 
seemed appropriate to apply individuality as a sub-theme.  
Themes were then considered in relation to the original data set and initial codes to 
ensure their validity. Where necessary, re-coding was carried out to ensure they fit with the 
relevant theme.  
Phase Five: Naming and Defining Themes 





Final Themes: Participants’ Feedback 
Final Themes Illustrative quote 
1. Music therapy helps to improve 
mood 
• “My mood has significantly 
improved” 
2. Rhythm improves walking quality 
and speed and motivates people to 
do more 
• “The rhythm helped with my pacing 
and the beat of the music allowed 
me to walk with less problems” 
3. Music effects people differently, 
and individual needs and 
preferences can be incorporated into 
sessions 
• “It helped me achieve something. 
Naturally, it made me feel better. I 
am glad I got involved…each 
person’s requirements are different” 
 
Phase Six: Presenting Themes 
Each of the three final themes are presented in this section, with accompanying quotes 
from the data set. Overall, the findings suggest that the perceptions of participants are 
positive. “I felt taking part made a great improvement to my care.”  
Music Therapy helps to Improve Mood 
The collated results of the survey identify a positive change in mood for several 
participants, many of whom chose to elaborate on their response. Some can “relax and feel 
happy during the session” resulting in an “increase in good mood” and an increase in 




As noted previously, the word “always” is used by several participants, and most 
frequently in relation to mood improvements, a subtle but noticeable feature of the data. 
“Music always works for me.” “Always in a good mood.” “I was always in a good mood 
after music therapy.” This may suggest that music therapy is a consistent means of supporting 
participants’ mood related goals. This is further emphasised by one participant who states that 
“the days when I had music therapy, I felt more in sync.” 
While most participants simply stated the fact that they had experienced a positive 
change in mood, some chose to give further details as to how. For some people, personally 
preferred musical choice may be a factor in this, with a “focus on favourite song.” “The 
music of choice was very uplifting.” For others, music therapy gave them the opportunity to 
“achieve something” which, as a result, helped them “feel better.” One participant reports that 
the musical instruments provided enjoyment. For some participants, music therapy appeared 
to provide a welcomed distraction and a chance to “forget” they are “in hospital” and “just a 
minute of forgetting is nice.” This may be a significant finding and suggests the potential for 
music therapy in enabling people to experience a sense of normality during their intensive 
rehabilitation journey.  
Rhythm improves Walking Quality and Speed and Motivates People to do More 
“It helped me walk.” The results identify a positive link between the use of music, 
specifically rhythm and facilitating physical goals for participants. Participants seem to 
emphasise the link between music and exercise or movement. Music therapy offered the 
opportunity to “focus on the music and at the same time…exercise.” This seemed to be a 
positive experience, with another participant saying they “enjoyed exercise to music.”  
Furthermore, “taking part made physio appointments fun.” This suggests that music 
therapy may enhance engagement levels whilst exercising or moving and during joint 
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sessions with physiotherapy. Motivation was indicated several times by a number of 
participants. Each time, this motivation appeared to be linked to movement, and the 
motivation that music and rhythm provided to engage in movement or exercise. “It got me up 
and walking, which was good for me.” “The rhythm of the music gave me the motivation to 
push myself.” The suggestion that music therapy may increase motivation and engagement, 
which in turn may support the achievement of physical goals is an important finding.  
An improvement in walking parameters is reported by most of the participants. Some 
experienced an increase in gait speed, finding it “very interesting to see we could take 11 
seconds off a 10m walk test.” Rhythm appears to be the primary element within the music 
that was perceived to improve the quality and speed of walking. “The music allowed my 
body move to the rhythm.” “The beat of the music allowed me to walk with less problems.” 
While the quality of movement may be important for people following ABI, the 
participants of the present study appeared to emphasise pace and speed of walking. “The 
music helped with my pacing.” This may suggest that mobility and a faster walking pace that 
is closer to their capabilities prior to injury may be the most important aspect for people 
following an ABI. 
Music Therapy facilitates Individual Responses, Needs and Preferences 
The findings of the present study suggest that individual responses to music can vary 
hugely and music can elicit different effects from one person to another. For some, it can 
offer the opportunity to “focus” while for others it is a chance to “relax.” Music can provide 
the “distraction I needed” or can help to “forget” about current problems.  
Furthermore, “each person’s requirements are different.” There appears to be a sense 
of trust in the therapist and therapeutic process to facilitate the individual needs of 
participants. “The therapist has training to know how to change the programme accordingly.” 
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Offering “choice of songs” appears to be an important factor for participants, and while song 
choice may not facilitate an individual’s “requirements,” it can certainly facilitate their 
preferences.  
The capacity for music therapy to facilitate individuality is further identified by one 
participant who had no particular interest in music. However, due to the nature of their injury 
and its associated movement limitations, following consulting with the physiotherapist, this 
individual chose to participate. “I was originally sceptical because I had no previous 
knowledge of music therapy but am glad the physiotherapist recommended I take part.”  
Summary: Participants’ Feedback 
The themes presented in this section demonstrate the positive impact of music therapy 
from participants’ perspectives. The reported effects appear largely to focus on mood, 
motivation to move, the ability of rhythm to facilitate movement and the capacity for music 
to consider the individuality within clinical protocols.  
The themes from this section will be discussed further later in this chapter in relation 
to the video analysis, and again in the discussion chapter, where phase six of TA will be 
carried out in relation to the quantitative results and research questions.  
Video Analysis 
The video analysis was recorded by two clinical specialist physiotherapists in ABI. 
Their analysis is based on a selection of video clips that contain a sample of pre and post 
timed 10m walk tests to show changes from a qualitative perspective, from the beginning of 
the music therapy phase to the end. It also consists of a sample of video clips that 
demonstrate the specific NMT sensorimotor techniques that were used in the study. This 
qualitative element seeks to establish the impact of NMT in achieving physical and 
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particularly, gait related goals, from their perspective. The analysis was recorded on a Zoom-
H1 recorder.  
It is important to emphasise that the informants were not given any specific questions. 
The overall research questions were provided to give context to the task, after which they 
were asked to record their observations of the video clips demonstrating the techniques and 
the pre/post measures.  
Braun & Clarke’s six phase TA is also used to analyse the data arising from the video 
analysis. The data set undergoes the same six-phase process as in the previous section and 
will be presented as such in the sections that follow.  
Phase One: Immersion in the Data 
The researcher transcribed the recording of the video analysis. A sample of the 
transcription is presented in Appendix R. This was subsequently read several times, 
identifying initial thoughts and perceptions of the material. Initial observations related to 
changes being observed in the participant’s movement patterns, with smoother and more 
natural movements being identified post treatment phase. Improvements are observed in 
relation to posture and alignment as well as positioning during walking. Moreover, there are 
frequent comments relating to the ability of the NMT techniques, particularly TIMP, to 
access sequences of movements that can assist in practicing ADLs in a meaningful way.  
Finally, it is the perception of the physiotherapists that the combination of both music therapy 
and physiotherapy are greater than either one in isolation.  
Phase Two: Initial Codes 
Initial codes were generated from the transcribed data set. A sample of this process is 
shown in Appendix S.  
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As one would expect from a data set generated from the perspectives of two 
physiotherapist clinical specialists, most of the data reported observations and changes in 
relation to movement. However, the qualitative data appeared to be extremely rich in detail 
and from the early coding stage, began to illuminate the many determining factors involved 
in improving spatiotemporal gait parameters. Initial codes relate to an improvement in natural 
and spontaneous movements. Further, the rhythmicity of movements in the video footage is 
commonly reported. Improvements are observed but not only in terms of speed, but also in 
relation to posture and alignment, increased arm swing, improved balance, and enhanced 
ability to turn while walking. Subtle changes are reported throughout the data, especially in 
relation to alignment and posture.  
Observations, particularly in relation to using musical instruments to practice 
sequences of movements, are highlighted by the experts. This aspect of the music therapy is 
reported to provide unique opportunities often not possible in physiotherapy sessions, to 
practice ADLs. Where an individual was using a walking aid in the video clips, the function 
of how the aid is used appears to change post treatment phase.  
Codes were identified that relate to the positive aspects of collaboration, and the 
importance of both physiotherapy and music therapy in combination as opposed to either in 
isolation is stressed. The difference between music therapy and playing music is also 
highlighted.  
Although most of the codes relate to physical aspects and observations, the impact of 
music to increase an individual’s motivation and engagement is emphasised at several points 
throughout the data set. Moreover, improved mood is also noted through observations of a 
participant’s “relaxed walking” and singing along to the music. 
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The initial codes that were identified were collated and grouped accordingly. The 
final set of initial codes are shown in the left-hand column of Table 14 below.  
Phase Three: Searching for Themes 
Initial codes were collated into relevant groupings, where codes with shared meanings 
were combined to form potential themes. This process involved re-writing and re-grouping 
codes several times.  
Table 8 below contains the potential themes along with the relevant codes. While 
most of the codes developed shared obvious commonalities, some of them did not appear to 
fit into an obvious group and were therefore added to a miscellaneous category.  
Table 14 
Emerging Themes Produced from Codes: Video Analysis 
Related Codes Emerging Theme 
• Movements are rhythmical  
• Brain responds to rhythm 
• Using rhythm in executing movement 
makes sense 
• Triggering a person’s natural speed using 
rhythm leads to real gains 
• External rhythm feeds into personal 
rhythms 
• Rhythm can prime people for movement 
• Music promotes the timing and 
rhythmicity of movements 
• Rhythmicity of movements 
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Related Codes Emerging Theme 
• Video footage clearly shows entrainment 
effect 
• Rhythmicity of movements is much better 
 
• Natural and spontaneous movements are 
achieved that might otherwise not be 
• Music may promote relaxed walking 
• There are different demands associated 
with walking: Purposive versus relaxed  
• Enjoying the music can lead to relaxed 
strolling 
• It is nice to observe relaxed walking as 
opposed to walking out of having to walk 
• Strategically placing instruments can 
promote more complex movements that 
are hard to fake 
• More automatic than cognitive walking 
observed post music therapy 
• Dramatic changes in the automatic nature 
of walking 
• Natural and spontaneous 
movements initiated 
• The movement might not be perfect, but 
the rhythm helps 
• It may not be perfect, but 
there are more aspects of 
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Related Codes Emerging Theme 
• Compensatory movements may be 
employed for difficult movements, but it is 
important to know what triggers these, 
offering unique opportunities to observe  
• More material worth keeping than not 
• Movements won’t be perfect after ABI, 
but the goal is to make them as efficient as 
possible 
music therapy worth having 
than not 
• Joint music therapy and physiotherapy 
sessions at certain time points are 
important 
• NMT is not an instead of but an as well as 
and has something to offer many people to 
change movement 
• It is the combination of both NMT and 
physio that is important 
• The sum of both is optimum and greater 
than one in isolation  
• Collaboration is key 
• The music seems to improve posture and 
the person is more upright 
• Music, by increasing speed, can increase 
arm swing 
• Turns are challenging and difficult 
• Improvements to several 
aspects of movement: 
Posture; alignment; balance; 
turns; arm-swing; speed 
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Related Codes Emerging Theme 
• Music can facilitate faster and smoother 
turns 
• Turns are less static with music, and it 
facilitates turning whilst still moving  
• Turns are posturally demanding 
• Music can challenge movement limitations 
• There is less rigid leg and hip movement 
with music 
• Music may promote bigger arm swing 
• Music facilitates nicer leg movements 
• Music can access important discrete 
elements of walking, such as propulsion 
• Arm swing is determined by what is 
happening elsewhere and trunk control, 
rotation, shoulder girdle and rhythmicity 
are all necessary for improved arm swing 
• Using instruments to promote arm swing 
may be counter-productive, blocking a 
natural arm swing and leading to more 
cognitive movement when it should be 
automatic 
• Increased trunk control 
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Related Codes Emerging Theme 
• Faster movements which lead to increased 
arm swing 
• Walking speed is important 
• Huge improvements observed pre and post 
therapy phase 
• Improved postural activity is observed 
through more appropriate leg positioning 
• Better alignment of walking aid 
• Increased balance and verticality post 
music therapy 
• Alignment and the angle of the stronger 
leg changes post music therapy, and is 
more under its own hip 
• Function of walking aid as a leg appears to 
change post treatment  
• Nicer step symmetry  
• Increased balance 
• Change in function of walking aid is 
significant as it represents the difference 




Related Codes Emerging Theme 
• Person’s strong leg often compensates for 
the other after ABI and is placed more to 
the centre but improves post treatment 
• In pre clip, the walking aid is part of the 
walking but in post is used as an aid to 
help balance 
• Improved posture observed, critical for 
improved mobility 
• Significant changes in alignment and 
posture  
• Positive changes in upper body, shoulder 
alignment trunk rotation  
• Freer arm movement 
• Smoother leg movement 
• Music motivates people to initiate 
movement 
• Music makes you want to move 
• Music can engage people who don’t want 
to do things 
• Self-preferred music can elicit remarkable 
responses 
• Music motivates 
• They are clearly so happy listening to the 
music 
• Impact on mood 
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Related Codes Emerging Theme 
• Subtle improvements in alignment and 
muscle activation observed following 
treatment 
• Even where the speed is within normal 
range, it is still possible to make gains with 
NMT 
• Even for a person who may be moving 
quite well, subtle improvements in posture 
and more organic movements can be 
achieved 
• Subtle changes in movement 
• NMT can provide opportunities for people 
to practice more challenging combined 
movements and sequences of movements, 
often not done in physiotherapy 
• Sequences of movements can be translated 
into ADLs 
• Unique opportunities to 
practice ADLs 
• Music therapy superior to playing music 
• Increased awareness of music therapy now 
• Louder music may elicit enhanced 
response  
• Loose clothing make the body look more 
side flexed but in slow motion, it is 




Related Codes Emerging Theme 
• Clothing changes what is seen in videos in 
determining subtle movements  
• Suitable clothing is important for video 
analysis to determine movement patterns 
• Baggy clothing impairs video analysis 
• By promoting rhythmicity, NMT can still 
be effective for people with no interest in 
music 
• Logistically, a long space is necessary that 
can facilitate turns, acceleration and 
deceleration 
• Simply practicing walking may not 
improve the quality of it  
• Walking aid, perhaps unnecessary post 
therapy, may offer security blanket 
 
The potential themes that were produced at the beginning of this phase were studied at 
length and reviewed several times. Upon closer examination, there appeared to be 
commonalities between six of the potential thematic categories. All of these related in some 
way to changes in movement as a result of rhythm during the music therapy treatment phase. 
The categories regarding collaboration and motivation were kept as potential themes. 
However, the category relating to mood was incorporated into motivation. While the mood 
category directly relates to one of the main research questions, there is only one comment in 
the data set that refers directly to mood. The comment seems to relate to the music enhancing 
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the person’s motivation to move and therefore the smaller theme was merged with the large 
one.  
In relation to the miscellaneous category, upon closer inspection, it was apparent that 
some of the codes described aspects of movement, while most of the codes related to the 
practical and logistical considerations associated with carrying out work of this nature. The 
potential themes were therefore developed and the codes within each category were further 
refined at this point, as shown in Table 15. 
Table 15 
Refined Themes: Video Analysis 
Theme Refined Codes 
Rhythm enhances several aspects of 
movement 
 
• Increased speed  
• Improved turns 
• Improvements in posture, trunk 
control, alignment and symmetry 
• Music promotes rhythmicity and 
smoothness in movements even for 
people with no interest in music 
• Rhythm can trigger natural speeds 
through live music therapy 
• Music can promote the initiation of 
natural spontaneous movement 
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Theme Refined Codes 
• Playing instruments can train 
complex sequences of movements 
that translate to ADLs 
• More positives than negatives 
• Playing instruments may be counter-
productive for arm swing 
• Upper body changes improvements 
are observed with shoulder 
alignment and freer arm movement 
Music motivates people to move 
 
• Observed improvement in mood 
• Music promotes initiation of 
movement 
• Music can engage people who don’t 
want to do things 
• Self-preferred music and songs can 
elicit remarkable responses  
Collaboration between professionals is key 
 
• The sum of both is greater than 
either one in isolation 
• Joint sessions are important at 
certain time points 
• Increased awareness of music 
therapy 
• As well as, not instead of 
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Theme Refined Codes 
Practical considerations to optimise clinical 
work 
 
• Suitable clothing can enhance 
observations and video analysis in 
terms of movement  
• Suitably long space required 
 
Phase Four: Reviewing Themes 
The themes that were identified in the previous phase were reviewed several times. It 
was decided to combine the codes relating to collaboration with those relating to practical 
considerations into one category. Afterall, it is through the shared knowledge and expertise of 
collaborating that the practical and logistical ideas are shared.  
Moreover, motivation appeared to be a contributory factor in how music and rhythm 
impacts on movement, and therefore, the motivation component was combined with the 
theme relating to how music impacts movement.  
Phase Five: Naming and Defining Themes 
Themes and subthemes, as illustrated in Table 16, are named and defined in the 










Final Themes: Video Analysis 
Final Themes Sub-themes  





• Unique challenges and opportunities 
Collaboration is key 
 
• Shared knowledge 
• Combination of both  
• Practical considerations 
 
Phase Six: Presenting Themes 
Music Therapy impacts Movement in Several Diverse Ways 
“It has something to offer so many people in terms of changing movement.” The data 
set reveals a large amount of material that relates to movement and the various pre-
determinants to improving movement for people following an ABI. Through the coding 
process, and several reconfigurations and regroupings of themes and codes, most of the 
movement-related data could be suitably presented within three subthemes. Firstly, 
motivation was highlighted several times throughout the data and the ability of music and 
rhythm to engage people to move. Secondly, as one would expect from two clinical specialist 
physiotherapists, there is a large body of data that relates to the quality of movements. Lastly, 
it seems that the NMT techniques offer a unique opportunity to develop and challenge 




“Music makes you really want to do this doesn’t it?” Physiotherapists observed the 
capacity of music to motivate people to move. Further, it may be an important way of 
motivating people to initiate spontaneous and natural movements, an important aspect of 
retraining movements that may be impaired as the result of an injury. “She moved her right 
hand which she hadn't moved while she was walking.” The findings reveal that music may 
elicit more animated responses that may not be possible to achieve without the musical 
stimulus. The findings suggest that this may be particularly true in the case of personally 
preferred music. “I was sick of hearing that song, but it was remarkable the responses when 
(his) songs were played.” 
The links between music and movement are highlighted by physiotherapists “because 
for most people, there are tunes that you just have to sway to and move to.” The idea that a 
person must move to the music suggests a more automatic motor response to music.  
The results demonstrate that personally preferred music could be effective 
“particularly with some of our patients who maybe don't want to do things.” This suggests 
that the automatic and motivational effect of music may be of particular relevance and 
importance for individuals whose engagement levels are low. 
It appears therefore that music is an effective stimulus in motivating an individual not 
only to initiate spontaneous movement, but also to facilitate retraining of impaired 
movements.  
Changes in Quality of Movement 
Positive changes, and in some cases, “dramatic” changes are observed in participants 
before and after music therapy treatment. It needs to be re-iterated at this point that observed 
changes are the result of music therapy in addition to physiotherapy and the IDT.  
227 
 
It is unrealistic to expect the movements of someone who has had an ABI would be of 
perfect quality. Rather, “it's about making them as efficient as they can be within your 
limitations.” However, while music therapy may not lead to a return to “perfect” movements 
for every individual, the findings suggest that there are more aspects of it worth having than 
not. “More of that (RAS) is worth having than not having.” In almost all cases, changes in the 
present study that are observed either from before to after music therapy, or within music 
therapy sessions, are positive. “Well that is a very dramatic change in terms of the rhythm 
and the automatic nature of his walking, the balance, his verticality.” 
The physiotherapists particularly emphasise the rhythmic aspect of music, and what it 
specifically offers to gait and movement rehabilitation. For them, they perceive it to elicit 
favourable responses, and frequent references are made to the “rhythmicity” of movements. 
This instantly implicates one of the main tenets of the present study and facilitating 
movement training through rhythmic cueing. Using rhythm in this way “just makes 
sense…and trying something that will help get rhythm has great value in many ways.” “Our 
brains are designed in such a way as to respond to it.” This suggests an acute awareness of 
the capacity for rhythm to recruit brain regions that are associated with movement.  
Movements, by their very nature, are rhythmical, but particularly locomotion. Leg 
movement and arm swing during walking requires rhythmicity. Physiotherapists often 
employ counting or clapping in their work to try and promote increased rhythmicity in 
people’s movement.  
Findings would also suggest that rhythm may increase the endurance and 
perseverance for individuals. “You can see the odd step that drops off, but you can see how 
the rhythm brings her back.” While a number of variables may be at play during gait training, 
such as tiredness or boredom, rhythm may not only allow an individual to move for longer, it 
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may also provide an opportunity for them to self-correct their movement. “She has been 
walking and walking so she may have elements of fatigue, but her turns are faster, and they 
are getting faster.” 
Music may be an enjoyable stimulus for many people, but perhaps not for everyone. 
An important finding here is the efficacy of rhythm in improving movement, even for those 
with no particular interest in music. “He is very clearly responding to the music for someone 
who claimed not to be interested in music. And yet he is so clearly in absolute timing with the 
music.” 
The results highlight the number of determining factors and variables that are 
involved in the spatiotemporal parameters of gait. Elements such as balance, posture and 
alignment all impact on a person’s mobility. While the focus of the study is the 
spatiotemporal parameters, the physiotherapists observed many changes to each of these 
elements, which in turn lead to increased velocity.  
Improved posture is frequently referenced in the physiotherapists’ observations. This 
seems to be true not only for before and after the music therapy phase but also within music 
therapy sessions. During RAS “her posture is much better and that’s really important for 
improving the movement.” “His posture is much better post and therefore so are his 
movements, and they are more natural.” Observations from before and after the music 
therapy phase suggest that “trunk control and movement is better.” “Verticality” is referred to 
several times, again suggesting an improved trunk control and posture. Furthermore, balance 
appears to be “much better” post music therapy. 
Findings reveal that “much better alignment” may be achieved by music therapy in 
addition to physiotherapy. For several participants, “significant” changes in the function of 
their good leg were observed. Similarly, for those using a walking aid, the function of that aid 
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appeared to change. “If you actually look at the angle of his legs in the pre video, you will see 
his left leg actually comes into the middle, whereas post, it is not coming into the middle as 
much.” This is significant, as it represents less reliance on the stronger side of the body. 
Observations made by the physiotherapists of several participants emphasise the changed 
position of the stronger leg, because the leg on the weaker, more affected side, was now 
stronger and doing more. The better leg “coming into the centre” is common, “but in the post 
video, it is more under its own hip.” In some cases, for individuals using a walking-aid, the 
function of that aid appeared to be that of a third leg. “It is part of his walking so that changes 
its function.” In this way, the walking aid and the strong leg behave as the supporting legs. 
The angles of each of the legs further strengthen this idea. Post music therapy phase, 
however, a significant change in this function is observed. “Look how vertical he is.  His arm 
is much freer, his hand and stick are moving with the leg, so it is much more natural.”  
For many individuals following an ABI, they may have reduced or very little usage of 
the arm on their weaker side. Therefore, they may be relying on their stronger arm to 
complete daily tasks. Consequently, the function of both legs is important for everyone, but 
especially for people using a walking-aid, as described in the comment below. 
You can manage without one arm but you can't manage without two arms and so if 
your other arm is now a leg because you are pressing on your stick and you cannot let 
go of that stick, well then functionally you have no arms when you are vertical. 
This represents not only increased mobility, but also increased potential to complete 
important ADLs in a standing position, such as dressing, brushing teeth and so on.  
A person’s walking speed is important in terms of overall mobility and a person’s 
ability to function in everyday tasks. Everyone has natural speeds and it is therefore 
important that people regain their “natural walking speed.” Music’s ability to instantly “find” 
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and to “trigger” that “normal speed” may allow people “to make real gains.” It is within this 
point that a distinction can be made between playing music and music therapy. A live music 
therapist determining and adapting the tempo according to each individual’s abilities and 
needs can readily facilitate a return or closer proximity to natural speeds. “You can see how 
readily you can play a song at a different tempo and that is the definite advantage of music 
therapy versus having music playing.” 
Increased speed in participants’ gait is observed from a qualitative perspective, by 
both physiotherapists during the video analysis. Furthermore, a more “automatic” and natural 
walk is observed with music therapy, as opposed to a “cognitive walking” wherein 
participants may be very actively thinking about each part of the movement. During gait 
training with music therapy techniques, “leg movement is nicer and smoother” and arm 
movement “is much more natural.”  
In triggering speed, music is observed also to enhance the level of arm swing, which 
can only be achieved when there is an increased speed. Arm swing is an automatic movement 
for which you “need the trunk, you need the shoulder girdle, you need that rhythmicity.” 
When arm swing with an external rhythmic cue is compared to the same movement without 
movement, it is “very rigid without music.” 
However, interestingly, it was observed that although rhythm can facilitate and 
improve arm swing, it may be counter-productive to use musical instruments to drive the arm 
swing. In this way, the movement may become “a bit more cognitive if you are trying to 
swing” whereas “it should be automatic.” 
Turning while walking is particularly “demanding.” In the present study, NMT 
techniques are observed to improve turns, which at the start appear to be “very static” but as 
the music and external rhythmic cueing continues, the movement becomes “much more 
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turning whilst moving” as opposed to stopping and turning. Increases in speed of turns as 
well as the quality is also observed. The movement requires good posture, angular changes at 
the feet to realign the body, and “a much more precise movement of your body in relation to 
one leg and then the other.” It is during these particularly challenging movements that 
compensatory strategies may be employed. Whilst these may be considered as being 
negative, the opposing argument is that “you need to know what triggers those compensatory 
movements.” Most importantly, while the compensatory movement, in this case, consists of a 
raised arm to facilitate a more fluid turn, “the fact that it returns back to being by her side 
shows that actually it may be challenging her in that moment, but it is not challenging her 
beyond all of her abilities.” 
Unique Challenges and Opportunities 
Whilst it is firmly acknowledged that any changes pre and post come as a result of 
music therapy combined with physiotherapy, findings suggest that music therapy may offer 
unique opportunities to challenge individuals and to facilitate retraining of ADLs.  
Physiotherapists identify a different and “more relaxed walking” whilst listening to 
the music. In this way, it is possible to recreate situations that reflect real-life situations in 
which to practice walking, demonstrating what appears to be “strolling out listening to the 
music.” The distinction is made between “relaxed walking” and “purposive walking.” While 
many scenarios during the rehabilitation process provide opportunities for purposive walking, 
there are very few if any that provide a clinical opportunity to observe a participant engaging 
in “relaxed” walking.  
The strategic placement of instruments, such as that in TIMP may facilitate 
movements and sequences of movements that require several elements of movement are 
“hard to fake.” It presents a unique opportunity to challenge an individual to do “a number of 
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things at the same time.” Often in physiotherapy, exercises tend to be more “linear” where a 
person may practice discrete movements, but rarely combine sequences of movements to 
recreate situations similar to ADLs. In this way, with musical instruments “you can take those 
sequences of movements in that combination and translate them into functional activities.”  
They are the things that a lot of people will struggle with because they are combined 
movements that we don't or are less likely to practice these different combined 
movements with legs going one way, arms going the other and yet in daily activities 
that's what we do all the time. 
For example, movements that require rotating, a “rhythmical bounce,” and “a fairly 
rapid change of direction” are common in everyday life, loading a dishwasher or washing 
machine for instance. However, in the clinical setting, there are not many ways of combining 
such movements that are pivotal for ADLs. These types of movements are hard to cognitively 
execute and demand more automatic movement. However, if two drums are simply placed at 
either side of a person, and they are to beat the left drum with right hand and right drum with 
left hand, this task requires all the elements listed above. It is in this way that a person can 
potentially “build up their repertoire of available movements.” 
Collaboration is Key 
A key finding within the video analysis is the importance of collaboration. In relation 
to observing the video footage, the physiotherapists refer, both directly and indirectly to 
collaboration. Within this overarching theme, three subthemes were identified and practical 
considerations, shared knowledge and the combination of both music therapy and 




A number of basic but important practical considerations were illuminated throughout 
the thematic analysis of physiotherapists’ feedback. For example, the importance of suitable 
clothing to optimise movement observation was emphasised a number of times throughout 
the video analysis. In some instances, clothing hindered the observation, particularly in 
relation to subtle movements.  “Clothing can make a big difference to what we see” and as 
such, should be considered by clinicians working with people towards physical goals, as it 
may be difficult to decipher which movements are the person, and which are the clothes. It 
stands to reason, then, that this would be the case not only in video recordings, but also in 
simply observing a person in the clinical setting during sessions.  
Shared Knowledge 
The idea of sharing knowledge and clinical expertise was highlighted during several 
parts of the physiotherapists feedback. It is suggested that the “opportunity to do more joint 
sessions” would be beneficial. This would lend further potential to share knowledge and 
experience. Moreover, it would allow aspects of the session to be “refined” further. Joint 
sessions, “not all the time” but at “certain time points” is important for linking in and sharing 
knowledge. “How would I know that he was doing this to music unless we linked in more?” 
It was also reported that music is sometimes used during physiotherapy sessions. It 
was suggested that this may be due to the fact that they are now “more familiar with music 
therapy.” While it is acknowledged that this is not music therapy, it demonstrates an 
appreciation for what music and rhythm can offer in facilitating movement. This suggests that 
there may be a role for music therapist’s in advising and training physiotherapists on the 
potential of using recorded music in their sessions.  
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Combination of Physiotherapy and Music Therapy 
The “sum of both is more powerful than either one alone.” This describes the 
combination of both music therapy and physiotherapy in supporting the physical goals for 
individuals following an ABI from a physiotherapist’s perspective. Furthermore, one of the 
“key” messages is that it is “not an instead of” but rather “it is an as well as.” This is an 
important finding, especially for clinicians who may be “cynical” about “alternative ways of 
working.”  
Summary of Video Analysis 
TA of the video analysis uncovers some interesting findings. An overarching theme 
encapsulates the capacity for music therapy to motivate people to move, improve the qualities 
of those movements and to offer opportunities, unique to music therapy sessions in retraining 
important ADLs. A second theme is identified that captures the effects of collaboration 
between physiotherapists and music therapists. Providing an opportunity to share knowledge 
and expertise in enhancing the outcomes for people following an ABI is identified.  
Combined Themes 
The themes that emerged from both the survey and the video analysis were carefully 
reviewed. It is evident that there are clear commonalities, even though both originate from 
different perspectives. One clear commonality is identified in the shared theme regarding 
music therapy increasing motivation and improving quality and speed of walking. Therefore, 
in the final presentation of the themes, the results from the survey and video analysis are 
combined. Consequently, there are four overall themes emerging from the qualitative aspect 
of this study. The title of each of the themes are direct quotes taken from the data sets. They 
are: 
1. Movement: “It allowed me to walk with less problems” 
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2. Mood: “I felt more in sync” 
3. Individuality: “Something to offer so many people” 
4. Collaboration: “As well as, not instead of” 
Conclusion 
The themes that emerged from the survey and those from the video analysis are 
integrated, resulting in four final themes, listed above. These themes will be discussed further 
in the next chapter. The next chapter, Discussion, triangulates the qualitative and quantitative 






This chapter brings together and discusses the main aspects of the study. The most 
salient points of the research are discussed, through each phase of the study. The quantitative 
and qualitative results are integrated in four overall themes that encapsulate the findings of 
the research. As part of each theme, the various stages of the research process are discussed, 
with extant literature referred to where relevant. Each research question is addressed through 
the thematic presentation, after which the original contribution, limitations and 
recommendations for future research are made.  
In reporting the quantitative results, both statistical significance and effect size are 
reported, as recommended in recent literature (Schober et al., 2018). Null hypothesis 
significance testing provides little information regarding the magnitude of a change or effect 
(Schober et al., 2018). Reporting effect size in addition to significance test results gives more 
information regarding the magnitude of changes recorded.  
Direct quotes taken from the qualitative data, are used to name the four final themes 
that provide the framework in which to discuss and integrate all aspects of the study. The four 
themes are listed below.  
1. “It allowed me to walk with less problems” 
2. “I felt more in sync” 
3. “Something to offer so many people” 
4. “As well as, not instead of” 
“It allowed me to walk with less problems.” 
  The first research question asks what the impact of NMT sensorimotor techniques is 
on spatiotemporal gait parameters. There are a number of contributory aspects of the study 
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that seek to answer this broad question. The statistical results from the timed 10m walk test 
form the quantitative aspect, while the survey results provide both quantitative and qualitative 
data regarding the participant’s perspectives. The results from the video analysis provide a 
qualitative focus on the impact of NMT on gait parameters from physiotherapists’ 
perspectives.  
While the quantitative results reveal what changes have occurred in response to the 
NMT techniques and to what degree, the qualitative results assist to illuminate how. The 
qualitative aspect in relation to movement adds a rich source of data that helps to create a full 
picture of the impact of NMT on gait. The combined forces of the objective statistical results, 
participants’ feedback and the video analysis from experts in the field are all crucial elements 
to evaluate that impact. Results from the video analysis, for example, highlight several 
aspects of walking that lead to overall improvements in the spatiotemporal parameters. In this 
way, the qualitative aspects complement the quantitative and help to explain the results.  
Motivation and Engagement 
Research contends that engagement levels can have a serious impact on an 
individual’s outcomes during the rehabilitation process, with poor engagement levels 
associated with less positive outcomes (Brett et al., 2017). On a neural level, evidence 
demonstrates that music impacts brain regions associated with arousal, reward and motivation 
(Blood & Zatorre, 2001). 
Music was perceived to be a motivating factor in supporting the functional behaviour 
of participants. In this case, that functional behaviour was movement, specifically walking. 
“It got me up and walking.” Participants indicated the motivating potential of music, and the 
impact that music seemed to have in “allowing” them to move. “The music gave me 
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motivation to push myself.” This correlates with the research of Devlin et al. (2019), who 
assert that the motivational effect of music can increase engagement and motor learning.  
Moreover, the clinical specialists in their video analysis identify a strong link between 
music and motivation and engagement levels above what would normally be observed in a 
physiotherapy session. “You can see that motivation at the very beginning.” This is a crucial 
finding, particularly within the neurorehabilitation context, where engagement levels can be 
poor. Video analysis reveals that music therapy may support people “who maybe don’t want 
to do things,” and encourage them to participate more in the rehabilitation process. It appears 
that it may be important in eliciting and promoting the initiation of volitional and 
spontaneous movements. “She spontaneously moved her right arm…which she hadn’t 
moved.” “Music makes you really want to do this...it just makes you want to move.” This 
reflects the research of Kendelhardt (2003) who reports increased duration of engagement in 
movement.  
It is also indicative that the perceived increase in motivation and engagement may 
potentially be applied not only in relation to movement, but perhaps into other functional 
goals as well.  
Velocity 
“One of the main challenges is that people are very slow in their movements.” 
According to Wilson et al. (2019), increased gait speed is one of the main goal areas reported 
amongst physiotherapists. The line plots showing changes in velocity clearly demonstrate an 
increase from pre to post music therapy sessions. Furthermore, the general trend from 
observation of the line plots, is an increased velocity from the beginning of the music therapy 
phase to the end. Wilcoxon signed-rank tests confirm this and reveal a significant increase in 
velocity before and after sessions for each week of music therapy with a large effect size. The 
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same tests show a significant increase in velocity from the beginning of music therapy to the 
end, also showing a large effect size. While no significant increase is shown for each baseline 
group, likely due to the small number of participants in each (n=4), the effect size for two of 
these groups is large, while effect size for the other is moderate. This demonstrates the 
importance of reporting both statistical significance and effect sizes, as while statistical 
significance may not be shown, the effect size may still be large. The quantitative findings in 
relation to increased velocity are in agreement with previous studies that assess RAS in 
particular (Magee et al., 2017; Kim et al., 2016; Hayden et al., 2009). In the present study, it 
is the combination of RAS, PSE and TIMP.  
Qualitative results reveal that velocity is of particular importance for participants. 
“The rhythm helped with my pacing.” “I found it very interesting to see that we could take 11 
seconds off a 10m walk.” Many of the participants’ comments regarding the NMT 
programme relate to speed, or velocity, which may suggest that increased speed is the 
primary physical goal for individuals living with an ABI. This is echoed by physiotherapists 
during video analysis, and they contend that “speed is important.” The importance of speed 
and its impact on mobility and QOL is also reported in extant literature (Horneman et al., 
2005). Increases in speed represent increases in mobility and the ability to participate in 
everyday activities. Increases in speed are reported in the video analysis. This in turn triggers 
an increase in arm swing for participants.  
A unique aspect in relation to speed is identified through video analysis and that is 
that “you want to get to their natural walking speed.” Music was seen to elicit and readily 





Visual analysis of the line plots indicates an increase in cadence form pre to post 
music therapy phase and a small increase pre to post music therapy sessions. It also reveals 
that change in cadence varies considerably between individuals. Wilcoxon signed-rank tests 
show that there was no significant change relating to participant’s cadence. While effect sizes 
also demonstrate no significant change for two of the baseline groups, the third group 
comprising individuals with a four-week baseline period, shows a large increase in cadence. 
Effect sizes also indicate a moderate increase from pre to post music therapy sessions during 
the first three weeks with no change in effect size for week four of music therapy. 
Within music therapy sessions, the tempo of the music being played, in beats per 
minute, was dictated by the cadence of each individual. The tempo was then incrementally 
increased. In almost all cases, the music appeared to facilitate an increased cadence within 
sessions. The line plots in chapter six demonstrate the sharp increases in cadence for some 
individuals, and less pronounced changes for others. The variability across participants, 
coupled with the small sample size may have contributed to the lack of significance in the 
quantitative analysis.  
The qualitative findings, presented in the previous chapter, reveal references to 
improved cadence. While most of the participants comments in relation to movement related 
specifically to velocity, some imply an increase in cadence. For example, “the rhythm helped 
with my pacing” implies the synchrony of the music and the movement, and the beats per 
minute facilitating the steps, thereby increasing the cadence. Similarly, “the music allowed 
my body move to the rhythm” may imply a similar link to improved cadence.  
In the video analysis conducted by the clinical specialists, there are several references 
to improved cadence. Observations of the music directly “feeding into her rhythm” suggests 
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the association between the beats per minute and the steps per minute. For another 
participant, it was “really clear that he is responding to the timing here.” While cadence was 
not explicitly discussed, it is implied in these comments, and in several others relating to 
increased velocity. Furthermore, a common observation across participants of improved used 
of the weaker leg, allowed for greater use of that leg and as a result, helped to improve 
cadence.  
The variation between quantitative and qualitative findings support the inconsistent 
results reported by le Perf et al. (2019) in relation to cadence.  Their review illustrated mixed 
results in cadence following RAS training. Other studies, however, report a significant 
increase in cadence after RAS (Kim et al., 2016; Hayden et al, 2009).  
Stride Length 
A visual analysis of the line plot results for stride length demonstrate some sharp 
increases from pre to post sessions, while overall during the music therapy treatment phase, 
most individuals increase their stride length. Wilcoxon signed-rank tests show a significant 
increase in stride length from the beginning to the end of the music therapy phase and a large 
effect size is also indicated. Moreover, a significant increase is shown from pre to post music 
therapy sessions during weeks two and four. Effect sizes demonstrate a large increase during 
weeks two and four and a moderate increase during weeks one and three. Each individual 
baseline group does not show a significant increase, which is likely due to the small number 
in each group. However, a large effect size is shown for groups one and two, while there is no 
effect change for group three. Interestingly, it was group three that demonstrated a large 
increase in effect size relating to cadence. Therefore, while stride length increased for most 
people, either cadence or stride length increased for everyone.  
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To sum up the quantitative results, significant changes in velocity and stride length 
are shown, both before and after music therapy sessions and treatment phase. Groups that did 
not show an increase in stride length, show an increase in cadence and vice versa, therefore 
resulting in increased velocity, whether due to a greater number of steps per minute, or due to 
a longer stride length.  
Changes during music therapy treatment phase are important in the interpretation of 
gait results. Each participant had already been engaging in intensive physiotherapy and 
occupational therapy during baseline phases and for at least one week before the baseline 
commenced. Each of the three groups had a different start time, meaning that some 
participants had two weeks of rehabilitation, some had three weeks, while others had four 
weeks, before commencing with music therapy treatment. Therefore, changes during the 
music therapy phase indicate that music therapy was influential in the causality of increases 
in the selected spatiotemporal gait parameters.  
From participant’s own perspectives, six of the participants report that the music 
therapy programme was “very good” in contributing towards their physical,  gait related 
goals, while five state that it was “good” and one stating that it was “fair.” This further 
strengthens the argument to support music therapy as a valid treatment for improving gait 
following an ABI.  
Rhythmicity 
Movements, especially walking, by their nature are rhythmical. From both 
participants’ and physiotherapists’ perspectives, the idea of rhythm and the rhythmicity of 
movements is emphasised. “The rhythmicity of it is way better.” For participants, it seems 
that the rhythm provides the motivation to push oneself further, suggesting that endurance 
levels may be linked to the rhythmical aspect of music. A large number of participants’ 
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comments relate directly to the entrainment principle and the ability of an external rhythmic 
cue to recruit body rhythms for movement (Thaut et al., 2015).  
Furthermore, this link is highlighted by clinical specialist physiotherapists who 
identify rhythm as the driving force for changes in target movements. “Walking has a certain 
rhythm, so actually trying something that will actually help get rhythm has great value.” 
Furthermore, rhythm appears not only to stimulate movement and increase speed but may be 
important in the self-correction of movements for people. “You can see the odd step that 
drops off, but you can see how the rhythm brings her back.”  
Quality of Movement 
Results from the video analysis reveal “dramatic changes” from before the music 
therapy phase to the end. While the quantitative results reveal significant changes in relation 
to velocity and stride length, the observed changes in the video analysis are not confined to 
speed or spatiotemporal parameters. Rather, there are several changes reported in addition to 
increased speed, by both participants and physiotherapists, all of which relate to the improved 
quality of movements. “I was much more steady on my feet.” “There is a much nicer 
symmetry in her steps.” “His legs are more active, and his arm-swing is better.” 
It would be “unrealistic” to expect “perfect” movements following an ABI, more 
elements in the NMT video footage is deemed as worth having than not having. In terms of 
these movements, however, it is “about making them as efficient as they can be within your 
limitations.” 
Improvements in posture and alignment are the most reported outcomes during the 
video analysis. “Posture is much better.” “More upright.” These are the elements that lead to 
an increase in spatiotemporal parameters. Improved function and placement of legs and feet 
during walking is reported. This suggests increased strength and better alignment. This 
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finding supports that of Thaut (2005), who reports improved balance and posture in relation 
to PSE.  
Movements are observed to be smoother and more natural both with the presence of a 
rhythmic cue and following the music therapy phase. “His legs are moving very smoothly.” 
Movements are less “static” and rigid in nature.  
Much of the extant literature relating to the application of rhythmic cueing and the 
NMT techniques for functional physical rehabilitation report quantitative results. Generally, 
they report statistical and quantifiable measures, with less emphasis being placed on 
qualitative analysis. The video analysis of the present study provides valuable data that 
enhances the quantitative aspects. This is particularly demonstrated in this section, with 
physiotherapists’ expert observations on the degree of impact of NMT on movement from a 
qualitative perspective.  
The qualitative results, presented in the previous chapter, indicate that the use of 
instruments to promote and improve arm-swing may be counter-productive. It could, 
however, be argued that a “more cognitive” arm swing may mobilise the trunk and thus 
enhance proper trunk rotation and the reactive arm-swing. Ustinova et al. (2017) argue that 
increasing arm-swing stabilises the body and improves walking patterns for people living 
with a neurological condition. They also reported increased coordination between both arms 
and both legs. Similarly, Stephenson et al. (2010) similarly demonstrated that induced arm-
swing improves walking and activates lower extremity muscles following a stroke.  
Unique Attributes of NMT 
While it may be difficult to attribute all of the gait improvements to music therapy 
alone, with most aspects reflecting the joint results from both music therapy and 
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physiotherapy, there are some important aspects that are uniquely associated with the NMT 
techniques used in this study.  
The concept of “relaxed walking” and the opportunity to observe people walking in a 
different context than is usually presented or available in the rehabilitation setting may be a 
valuable asset. “You walk differently if you’re relaxed walking.” Further, this more relaxed 
style of walking may be more reflective of real-life situations outside of the rehabilitation 
setting. In this way, the NMT techniques can support both the purposive and “relaxed” 
walking needs of people and facilitate a broader repertoire of movements. “It really looks like 
she’s just strolling out listening to the music.” 
“You can see how readily you can play a song at a different tempo and that is the 
definite advantage of music therapy versus having music playing.” While recorded music 
may be of some value in supporting the rhythmicity of movements, live music therapy has the 
clear advantage, with its capacity to immediately provide changes in tempo, depending on 
each person’s abilities. This is reflective of Weller & Baker’s review (2011) in which live 
music therapy is reported to be optimum in adapting to individual needs and responses. 
NMT sensorimotor techniques, particularly TIMP offer people the opportunity to 
practice specific sequences of movements, that may otherwise be impossible to practice in the 
rehabilitation setting, without the specifically placed instruments and the personally selected 
music. “That requires those kinds of movements where you are getting that little rhythmical 
bouncing…they are hard to fake.” Therefore, combining the motivational aspect that music 
appears to elicit with the goal of playing strategically placed instruments presents a natural 
context in which to train sequences of movements necessary for everyday life and ADLs. “So 
often in physio, we are very linear, and we do things in straight plains…we don’t or are less 
likely to practice these different combined movements.” “It is actually more challenging 
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because you are doing a number of things at the same time.” “You can take these sequences 
of movements or that combination and translate them into functional activities.” In this way, 
it is possible to “build up your repertoire of available movements.”  
Each of the NMT techniques, but especially TIMP offer not only unique opportunities 
to practice ADLs, they also place the individual as an active participant, receiving 
multisensory auditory, visual, and tactile feedback.  
“It’s challenging her in that moment, but it’s not challenging her beyond all of her 
abilities.” Initial concerns were raised prior to the clinical work commencing and during the 
set-up phase of the study, that negative compensatory movements may be employed by 
participants as a result of the NMT techniques. This was influential in the decision to include 
the video analysis from the expert’s opinion. This point is addressed during the analysis of 
the video footage, where it is stated that “people might say if you go too fast, you’re going to 
bring in compensatory strategies that are unwanted. The counter argument to that is you need 
to know what triggers those compensatory movements.” Therefore, NMT techniques may 
provide an opportunity to challenge people to their maximum potential, and to observe when 
and where compensatory strategies are employed, indicating the parameters of more difficult 
movements.  
Summary 
One of the primary research questions sought to assess the impact of the combined 
sensorimotor NMT techniques on the spatiotemporal gait parameters for people living with 
an ABI. Both the quantitative and qualitative phases of the study provide substantial evidence 
that suggests that the combination of techniques has a significant and positive effect not only 
on the specified spatiotemporal gait parameters, but also on the qualitative aspects of 
movement and walking.   
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Pollock et al. (2014) find that there is no one physiotherapy approach to rehabilitation 
that seems to be more effective than another. However, the potential of music therapy to 
increase motivation and engagement levels, coupled with the entrainment principle and the 
ability of an external rhythmic cue to facilitate improved movements both from a 
spatiotemporal and qualitative perspective, the findings of the present study place NMT 
techniques as a valid and effective approach. In addition to this, knowledge regarding 
neuroplasticity and the capacity for music to promote cortical remapping in retraining 
functional behaviours further strengthens its position.  
“I felt more in sync.” 
Disruptions to mood and mood disorders are commonly experienced by people 
following an ABI. Anxiety and depression are most common and are typically associated 
with poorer outcomes in the rehabilitation process (Bell et al., 2018). The positive effects of 
simply listening to music have been demonstrated to improve mood for people living with an 
ABI (Särkämö et al., 2008). Limited research details specific techniques employed to support 
mood-related outcomes following an ABI. The present study sought to establish if offering 
musical choice and preference within the three sensorimotor techniques could have a positive 
impact on mood. 
Adults in the present study completed a weekly HADS mood evaluation. In relation to 
anxiety, no statistical significance was found. However, observation of the line plots for each 
individual clearly demonstrate decreased anxiety during the music therapy phase. Moreover, 
the effect size suggests a large reduction in anxiety during the music therapy phase. For 
participants with a two- and three-week baseline period, effect sizes indicate a large reduction 
in anxiety. Participants in these groups had a longer period of music therapy than people with 
the four-week baseline period, who show a moderate reduction in anxiety. This may suggest 
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that a longer period of music therapy can support the reduction of anxiety for participants 
following an ABI.  
There were no significant changes in relation to depression during the music therapy 
phase. However, observing the line plots for each individual demonstrates widely varying 
differences in depressive symptoms. This possibly reflects the level of heterogeneity as well 
as the multitude of variables that affect each person individually following an ABI. Perhaps a 
longer period of music therapy could have a greater impact on depressive symptoms.  
Paediatric participants completed the SMFQ. While the sample (n=2) was too small to 
perform any statistical analysis, the line plots display a clear reduction in depressive 
symptoms for both children. During the baseline period, both children display significant 
depressive symptoms, with scores of eight or above, but each reduce their score to below the 
significant range during the music therapy phase. Although limited by sample size, this 
demonstrates the important positive potential for supporting children’s mood related goals 
following an ABI.  
Research suggests that mood disorders may manifest over time, as people become 
more aware of their losses following an injury (Williams & Evans, 2003). Furthermore, it is 
possible that people who are unable to return home after being discharged post-rehabilitation 
may experience heightened anxiety and even depression as their discharge date approaches. 
Uncertainty around future living arrangements may lead to increased stress and anxiety. In 
2018, the NRH reports that 22% of people from the brain injury and stroke programmes 
could not return home following discharge.  
Significantly, eleven of twelve participants report experiencing a positive impact on 
mood as a result of the music therapy programme. Although only one item on the survey 
relates directly to mood, most of the data emerging from the participant’s survey refers to 
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mood. Although statistical significance may not be shown, it is clear that an “increase in good 
mood” is perceived by participants in response to the music therapy programme. “My mood 
has significantly improved.” “I was always in a good mood after music therapy.” “The music 
and singing was so uplifting.” 
While rhythm appears to be the chief musical mechanism at play in supporting 
movement, it appears it may be choice, predictability and musical preference that enhances 
mood. This is consistent with extant research in which familiar and preferred music is 
associated with increased positive affect, as well as increased dopamine levels (Moore, 2013; 
Särkämö & Soto, 2012). Increased dopamine levels are, in turn, associated with increased 
positive affect. This point about choice and preference is echoed in participants’ responses, 
where the opportunity to “focus on favourite song” was offered. For one participant, creating 
space and focusing on preferred music during sessions seems to have offered a brief escape 
and provides an opportunity to forget about their problems. “Just a minute of forgetting is 
nice.” 
Although the main purpose of the video analysis was to report on the qualitative 
aspects of movement, a small number of references to mood are also made. “It’s the dancing, 
the movement with the music,” suggests the animated movement responses to music, which 
imply a mood component. Further, “remarkable responses” are reported in relation to 
personally preferred music. Physiotherapists emphasise the emotional responses that are 
observed in video footage. “I really like the way she is clearly so happy listening to the music 
and you can see her and hear her singing along.” Even though the focus of the video analysis 
is not mood, these references suggest the clear, demonstrable mood related responses that are 
observed in sessions.  
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Gait and Mood Correlation 
While the quantitative analysis did not reveal any significant correlation between 
improvements in gait and mood, links between both are evident within the qualitative data.  
The apparent increased positive affect that was observed in participants while 
“relaxed walking” may be a direct result of the improved automatic gait pattern that was also 
observed in the video analysis. Although the main purpose of the video analysis was to report 
on the qualitative aspects of movement, a small number of references to mood are also made. 
“It’s the dancing, the movement with the music,” suggests the animated movement responses 
to music, which imply a mood component. Further, “remarkable responses” are reported in 
relation to personally preferred music. Physiotherapists emphasise the emotional responses 
that are observed in video footage. “I really like the way she is clearly so happy listening to 
the music, and you can see her and hear her singing along.” Even though the focus of the 
video analysis is not mood, these references suggest the clear, demonstrable mood related 
responses that are observed in sessions. 
Moreover, several participants referred to both gait and mood within the same 
comment in their feedback. Indeed, the term “in sync” could be applicable to either mood or 
movement or both. One of the participants reports that the music “was so uplifting, it gave me 
more pep in my step.” The combination of both movement and mood elements here may 
illustrate a correlation between both elements. One participant stated that the intervention 
allowed them to achieve something and therefore it made them feel better. This comment 
implies that the improvement in walking ability and the sense of achievement associated with 
that led to an improvement in mood.  
The correlation of gait and mood warrants further investigation. While quantitative 
analysis did not reveal a significant relationship between them, the qualitative data from both 
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the participants and physiotherapists reveal a connection between improvements in relation to 
movement and mood.  
“Something to offer so many people.” 
The thematic analysis from the qualitative aspects of the study identifies two 
secondary themes that do not directly relate to the main research questions. However, they 
offer valuable insights into the perceptions of both participants and clinical specialists that 
further illuminate the impact of the music therapy programme.  
While it emerges as a theme, there are several aspects of the study that emulate the 
individuality theme. In its set up, the study design for the clinical aspect of the study ensures 
that the heterogeneity of each individual is considered. In this way, the individual needs of 
each participant were central in the decision to let each participant behave as their own 
control. This reflects the extant literature that recommends that individual needs should be at 
the centre of clinical approaches (Vaughan-Graham et al., 2017).  
Sample and Study Design 
Twelve participants in total took part in the study. While this is a small sample size, 
the selected single-case design accommodated the sample appropriately, with each individual 
behaving as their own control. Furthermore, the design allowed for the consideration of the 
heterogeneity of participants’ injuries and their individual needs. Careful consideration 
should be given to the selection of study design within the neurorehabilitation setting.  
Of the twelve participants, two were children. This is a significantly lower number 
than was initially envisaged. The results for both children were positive and extremely 
promising in favour of music therapy. However, they are limited due in part to the small 
sample size. During the clinical aspect and data collection phase of this study, the paediatric 
unit of the hospital was unexpectedly closed for several months. This had a major impact in 
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the number of paediatric participants that could potentially have taken part under different 
circumstances. Further study with a larger sample size investigating the impact of NMT on 
gait and mood related sequelae for children is necessary, but the present study provides a 
small but promising foundation for further research.  
Facilitating Individuality 
NMT techniques, in their design and execution, are person-centred. RAS begins with 
establishing the participant’s current walking parameters, while PSE and TIMP exercises are 
guided specifically by the individual needs of participants. Each technique is guided by the 
entrainment principle and involves selecting specific tempi. This tempo is dictated by the 
individual’s current movement parameters and tempo. The live music therapy element, 
discussed earlier, is central to the person-centredness of the techniques.  
The individual needs are recognised by the participants in the present study, with one 
claiming that “each person’s requirements are different.” There seems to be a trust in the 
therapist to “change the programme accordingly” for each individual. The individuality 
emerges in the video analysis where physiotherapists assert that music therapy “has 
something to offer so many people in terms of changing movement.” This is a pivotal point, 
as difference in the abilities of participants varied considerably, particularly in relation to 
their walking speeds. “This participant’s problems are quite different to the norm.” However, 
improvements are still observed for participants who are experiencing more subtle challenges 
in their walking. For them, changes are still observed in their upper body alignment and in 
their leg alignment and placement. Moreover, the capacity for music to trigger people’s own 
“natural walking speeds” is observed.  
The individual’s needs are coupled with their preferences and choice in terms of 
music selection. Brett et al. (2017) contend that this person-centred approach is optimum and 
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provides a sense of empowerment in giving people choice and a voice in decision-making. 
This is echoed by the National Institute for Clinical Excellence (NICE, 2014) who assert that 
individual needs and preferences be considered in treatment approaches.  
The thematic analysis of participant’s feedback highlights that music therapy appears 
to elicit individual responses from person to person, and its function seems to be diverse. This 
places further emphasis on individuality. Some people report that the music helped them to 
focus, relax, distract. For others it provided a sense of enjoyment.  
For one participant, “music is a big passion” while another “was originally sceptical.” 
However, both participants report positive improvements and responses to the music therapy 
programme. This suggests that no prior knowledge or interest in music is necessary in order 
to benefit from NMT’s offerings.  
 “As well as, not instead of.” 
Collaboration encapsulates several aspects of this study in addition to being identified 
as a theme during the qualitative phase. Collaboration through all stages of the research 
process was central to completing the present study, from the planning stages, throughout the 
clinical data collection phase and post music therapy phase.  
The influence and importance of collaboration may be partly attributed to the current 
practices in the clinical site in which this study took place, where IDT practices are well 
established. In everyday practice, goal setting, planning, shared clinical reasoning as well as 
joint sessions in some instances involve close liaison between all members of the IDT. 
Collaborative practices in the clinical decision making and treatment delivery are widely 
supported in extant literature relating to neurorehabilitation, enhancing outcomes for people 
with neurological conditions (McNab, 2010).  
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Developing the Research Process 
The planning and organisation in setting up the clinical trial within the hospital 
infrastructure is a part of the study that took longer than initially anticipated. Chapter five 
outlines the specific methods undertaken. Prior to being eligible to obtain ethical clearance to 
begin the clinical work, the ethics committee requested that the support of various 
departments be sought in advance. This was largely due to the interdisciplinary nature of 
NMT, and the clear links that exist between physiotherapy and the specific techniques of this 
study. While music therapy was already established in the hospital, it was still imperative that 
all the details of the research be presented to relevant members of the IDT before seeking 
ethical clearance.  
Gaining the clinical expertise and knowledge of the other members of the IDT was 
invaluable and allowed for the most appropriate assessment tools to be selected, the most 
appropriate inclusion and exclusion criteria to be produced, and the most applicable 
methodology for this population to be developed. During the set-up phase, the physiotherapy, 
psychology and occupational therapy departments all assisted in selecting the outcome 
measures, finalising the inclusion and exclusion criteria and developing an appropriate study 
design and methodology. Several presentations, experiential sessions and information 
sessions were undertaken to ensure that all members of the IDT were aware of the details of 
the study.  
Collaboration during this early stage of research in music therapy ensures that the 
most relevant and impactful research is conducted. Furthermore, it helps in ensuring that 
participants are not unnecessarily excluded from the study. Close liaison with the speech and 
language therapy (SLT) department was a crucial aspect before commencing the clinical 
work. The aims of this study relate to the gait parameters and mood of those taking part. 
Although verbal communication was not necessary for individuals to participate, it was 
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necessary to ensure that informed consent was being given and that all information regarding 
the research was being delivered in an appropriate manner. Therefore, the SLT department 
agreed to assist with this process.  
This clinician/researcher is not an employee of the hospital, and therefore having a 
gatekeeper to refer potential participants to the study was crucial to its success. The 
physiotherapy department assumed the role of gatekeeper and when they were fully briefed 
about the details of NMT, they were in a position to refer suitable individuals who could 
potentially benefit from participating.  
Once the support of each department was received, ethical approval was obtained. It 
is a pivotal element for research within the music therapy field to fully inform other members 
of the IDT about the details of a study and the specific techniques that it employs. For some, 
there may be limited experience of music therapy and how it might be applicable to 
individuals with an ABI. This section highlights the necessity and importance of developing 
research in the field that involves the whole clinical team, ensuring that the research is 
relevant and has optimal impact. It would have been impossible for this researcher to conduct 
this research without the support of the interdisciplinary team (IDT) in the clinical site. 
Working in isolation as a music therapist would therefore not be an option within this type of 
study.  
Collaborative Practice in NMT 
NMT is well positioned for collaborative practices. The fact that its techniques 
involve musical exercises to promote functional outcomes immediately creates a link with 
other disciplines and the shared goals that they may support. This, coupled with the increased 
engagement and motivation levels that are reported in relation to NMT, may allow other 
disciplines to achieve their goals and therefore enhance a person’s overall outcomes. The 
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obvious link with physiotherapy and psychology in the present study resulted in the shared 
knowledge, clinical reasoning and close communication that formed between the music 
therapist and therapists from each discipline. This collaboration is recommended specifically 
in relation to motor rehabilitation, with multiple perspectives and shared expertise leading to 
better outcomes (Rice & Johnson, 2013).  
Stakeholder Perspectives 
This aspect of shared knowledge emerges as a theme in the qualitative results. The 
physiotherapists illuminate qualitative aspects of movement such as improved posture and 
alignment, through observation. Without this pooled knowledge, expertise and information 
sharing, the research would have excluded valuable findings in relation to the impact of NMT 
on gait parameters for people following an ABI. Physiotherapists report using music during 
some of their own sessions and suggest that this may be due to their increased awareness of 
music therapy. This is important, and perhaps there is a role for music therapists to further 
inform other members of the IDT how they may include music within their sessions to 
enhance outcomes for their clients. 
Working closely in joint sessions is optimal for collaborative purposes. However, 
resources, pecuniary or otherwise, and scheduling demands may often be a barrier in 
facilitating this. From the physiotherapists’ perspective in the video analysis, an “opportunity 
to do more joint sessions” would be of benefit. Furthermore, improvements in physical 
outcomes demonstrate “how important the combination of music therapy and physio is, not 
all the time, but at certain time points.” While resources may not facilitate joint sessions all of 
the time, it may be possible and mutually beneficial for IDT and clients, to engage in joint 
sessions at regular time points. Moreover, joint sessions convey to other IDT members how 
NMT may benefit individuals, therefore enhancing the number of appropriate referrals (Street 
et al., 2020). The unique observations and opportunities that were reported to be associated 
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with music therapy further support this point, with an opportunity for members of the IDT to 
observe clients in a different setting, where behaviours may be more “relaxed” or “natural.” 
These findings are reminiscent of those from the study by Kim et al. (2012), which 
demonstrated the complementarity of music therapy and physiotherapy when RAS and the 
Bobath method in physiotherapy were compared.  
From participant’s perspectives, a small number of subtle references were made to 
collaboration between music therapist physiotherapist. “Taking part made physio 
appointments fun.” This highlights the potential for music therapy to enhance motivation and 
thus engagement within joint sessions, where shared clinical goals can be targeted.  
Most importantly for this study, the suggestion that it is not a case of either NMT or 
physiotherapy, but rather both in combination, that is optimal for the gait-related needs of 
participants, is significant. It emphasises the complementarity of NMT sensorimotor 
techniques and their potential to be readily integrated amongst other IDT members to 
facilitate functional goals. “The sum of both is more powerful than either one alone.”  
Key Learning Points 
While the importance of team work and collaborative practices were acknowledged 
by this researcher prior to carrying out this study, its value, significance and indeed necessity 
particularly in the area of music therapy and neurorehabilitation, became apparent in the early 
stages of the process. Music therapy in Ireland is a relatively small but growing discipline and 
as a result its true potential and value has yet to be fully understood and experienced by other 
disciplines. It seems fitting, therefore, to begin this process in a setting where collaboration 
and shared learning already exists and is valued.  
This collaborative process should begin at the earliest planning stages of a clinical-
based study such as this. For the present study, it began with meetings that involved the head 
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of departments for physiotherapy, psychology, occupational therapy, and music therapy. 
Throughout this series of meetings, the broad tenets of the study were discussed and 
reviewed, and practical aspects such as recruitment pathway were drafted. Following this, a 
series of presentations were delivered by the researcher to larger groups of clinicians from 
each of the relevant departments. This aspect had three main aims. Firstly, by presenting 
existing NMT related research, the researcher sought to illuminate its potential and value for 
use with this clinical population. Secondly, these presentations were an opportunity to share 
the recruitment pathway, ethical considerations and outcome measures, vital elements that 
related to each of the disciplines. Finally, it was an ideal opportunity to gain the expertise and 
knowledge of the attendees and elicit their suggestions about the study. The presentations 
were complemented by experiential sessions for all members of the physiotherapy and 
occupational therapy departments. As stated above, the physiotherapy department agreed to 
serve as gatekeepers for the study. The experiential sessions offered them the opportunity to 
experience first-hand, the techniques that their clients would be engaging in. In this way, it 
was viewed as a way to enhance the suitability of referrals to the study. Furthermore, it was 
viewed as an opportunity to elicit their expertise and their perceptions regarding the 
techniques and how to maximise their use with the clinical population.  
This planning and preparatory phase of the study in the hospital, required a lot of 
time, on both the part of the researcher as well as each department. However, it paid 
dividends and placed the study in good stead before obtaining ethical clearance and 
beginning the clinical work. The shared knowledge and generous sharing of expertise that 
occurred through these processes hugely impacted the researcher’s own learning and capacity 
to carry out this study to be best of his ability. The regular interactions at this early stage were 
also crucial in building strong collegial relationships with staff members.  
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By the time the clinical work commenced, there was a support network in place in the 
hospital, and all relevant departments were fully briefed on the details of the study, and the 
requirements on the part of their departments. The absence of a supportive gatekeeper, who 
fully understood the aims and limits of the study, would have impeded the research hugely. 
While the optimum situation was to have joint sessions with physiotherapists, this was rarely 
possible. Though it became standard practice with the children who participated, staff 
scheduling made it more difficult with adult participants. However, the support network that 
had been formed made weekly check-ins and regular liaison easier. Keeping each of the 
relevant departments informed about progress throughout the process was a key factor in 
maintaining the links and support.  
Future music therapy studies, particularly those within neurorehabilitation, should 
devote time and resources into gaining the support of relevant key team members, during the 
early preparatory stages of research.  
Mixed Methods 
 Finally, the use of qualitative “as well as, not instead of” quantitative methods 
provides an in-depth perspective of the impact of NMT techniques on gait and mood. While 
the quantitative measures demonstrate the impact objectively, the qualitative aspects provide 
an opportunity for each of the primary stakeholders in the research to give their perspective 
on its impact. The use of both methods combined helps to answer each of the research 
questions to a much greater degree than either one alone. This affirms the ideas posited by 
Creswell (2015) that the combined strengths of both sets of data in mixed methods designs 
lead to a greater understanding of the research problem.  
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Hypothesis: Combining Physical and Mood Goals 
The main hypothesis of this research was that through offering choice and preference 
in music selection, NMT sensorimotor techniques could not only improve the selected 
spatiotemporal parameters of gait but could also support mood-related goals. Research shows 
that dopamine, associated with increased positive affect, also regulates motor activity and 
arousal levels and motivation (Särkämö & Soto, 2012). This establishes a neurochemical link 
between motivation, motor activity and mood, which sum up the main results of the present 
study. Further, Nayak et al. (2000) report simultaneous physiological and emotional 
responses to rhythm. Participants, when responding to items on the survey, frequently 
combined responses that included both mood and movement. References to both movement 
and mood may suggest the perceived link between music, movement, and mood. “I enjoyed 
exercise to music, and it helped keep my mood up.” A number of comments, such as “more 
pep in my step” and “days when I had music therapy, I felt more in sync” although they were 
written in response to mood, imply a movement component as well. This further implies the 
link between music or rhythm and movement and mood.   
An alternative hypothesis may posit that an increase in positive affect is in response to 
improvements in physical outcomes, which has been suggested in previous research 
(Poćwierz-Marciniak & Bidzan, 2017). One participant states that music therapy “helped me 
achieve something…naturally, it made me feel better.” This may imply that the achievement 
of physical goals led to improved mood. However, with earlier findings around individual 
responses to music, perhaps music affects mood related goals for people in different ways.  
Contribution 
This study is the first investigation of NMT techniques in the Irish rehabilitation 
context. It demonstrates the realities of conducting music therapy clinical research and 
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represents the interactive role between research and practice, illustrating the process from set 
up, to clinical treatment phase, through to post treatment and analysis phase.  
This research further strengthens the existing evidence base that reports the positive 
effects of NMT sensorimotor techniques. In this way, through dissemination of results, it will 
increase awareness and illuminate the potential of music therapy to support physical related 
goals following ABI. While most extant studies assess the efficacy of one technique in 
isolation, this study combines all three techniques and reports significant quantitative and 
qualitative results.  
This research includes both adult and paediatric participants. The inclusion of 
paediatric participants is a unique aspect of this study. Positive results are demonstrated for 
the children who participated. Although the sample size of paediatric participants is 
extremely low, it provides a foundation upon which future research can be built.  
Most of the extant NMT research investigates the impact of techniques on a single 
functional goal area. This study provides preliminary evidence for the potential of NMT 
techniques to support both the physical and mood related goals for people of all ages 
following an ABI.  
The study incorporates a qualitative aspect gaining the perceptions of participants. 
This provides valuable insights and information about their experience of NMT and 
participating in the study and helps to illuminate the quantitative results. A further qualitative 
component elicits the perspectives of clinical specialists who observed video footage of a 
sample of music therapy sessions. This element further elucidates the impact of NMT on gait 
parameters from a qualitative aspect. The mixed methods approach and incorporating the 
participants and other relevant disciplines provide an in-depth evaluation of the effects of 




A number of limitations are identified within this research. The first limitation relates 
to the sample. A convenience sampling method was used, and participants were recruited 
from the same post-acute rehabilitation hospital. While it is the only post-acute rehabilitation 
hospital in Ireland, it may not be representative of rehabilitation settings elsewhere. The 
sample size also limits the generalisability of the study. With twelve participants, although 
each serve as their own control, it is more difficult to report how the same study would 
transfer to other settings and to other people living with an ABI. Due to a closure of the 
paediatric unit for a period in the time when the clinical work was being conducted, the study 
includes only two paediatric participants. The positive results that are reported in relation to 
both children in this study, therefore, have extremely limited generalisability.  
The study’s findings report on the analysis of a selection of three spatiotemporal 
parameters, which presents a limitation for this study. In relation to the quantitative results, 
data analysis was carried out in relation to velocity, cadence and stride length only, and did 
not include step length, single-limb support or symmetry.  
It was not possible to measure the carryover and lasting effects of the NMT 
programme. The qualitative phase of the study was carried out post music therapy phase, but 
no follow up quantitative measures were taken beyond the final music therapy session. This 
presents a limitation for the research. Due to logistical, geographical and mobility issues, 
participants were unable to return to the hospital for a follow up assessment at a time point 
after their discharge. This should be considered in future research, perhaps conducting a 
follow up home visit to gather follow up data. 
A further limitation is identified through the lack of a control group. The multiple 
baseline and staggered start times for therapy sought to provide an element of control within 
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the study, but a control group would have strengthened the validity and generalisability of the 
results. It would, however, be difficult to consider the heterogeneity associated with ABI in a 
design such as an RCT.  
While the dual role of researcher and clinician assumed by the author can be seen as 
both a strength and weakness, there is an increased risk of bias associated with it. In trying to 
eliminate as much risk of bias as possible, every attempt was made to provide objectivity. 
The inevitable increase in risk of bias can be viewed as a limitation.  
Finally, the video analysis was completed by two clinical specialist physiotherapists 
in ABI. Their self-reported and subjective opinions in relation to the video footage were 
elicited, which were subsequently used in the thematic analysis. It is possible that two 
different individuals would have different opinions and observations.   
Recommendations for Future Research 
Future research should aim to include a larger sample to maximise generalisability. In 
the Irish context, this may include a multi-site study to recruit a significant number of 
participants.  
Given the dearth of research in music therapy in the neurorehabilitation field that 
focuses on children, future research should seek to broaden the research base for paediatric 
participants.  
The present study provides preliminary evidence that both physical and mood related 
goals may be supported simultaneously through NMT techniques. Future research should 
build on this to further illuminate the potential for NMT to support not only the functional 
physical goals for people following an ABI, but also the mood related goals. Moreover, given 
the transferability of NMT techniques to other neurological conditions, future research may 
assess their impact on physical and mood related goals with different populations.  
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Future research should incorporate a strategy that allows for follow up measurements 
to be taken. This would strengthen the findings and increase the validity of results.  
The findings of this study suggest that music therapy may increase motivation and 
engagement levels within the rehabilitation process following an ABI. This is an area worth 
considering and incorporating into future research to measure motivation and engagement in 
a meaningful way in response to music therapy treatment. 
Conclusion 
This mixed methods research set out to investigate the impact of combining three 
sensorimotor NMT techniques on the selected spatiotemporal gait parameters and mood for 
adults and children with an ABI in the post-acute neurorehabilitation setting. The statistics 
regarding epidemiology clearly demonstrate that ABI including stroke is a serious and 
growing health concern globally. Music therapy, and particularly NMT techniques, present a 
feasible and effective modality through which to support the functional goals of individuals 
following an ABI. While there is a significant body of knowledge relating to RAS, there are 
few studies that report the effects of combining RAS, PSE and TIMP. Furthermore, there is a 
dearth of research relating to NMT techniques for children with ABI. The current study 
combines all three techniques with a population of both adult and children. This research 
hypothesised that both the gait related goals and mood related goals could be supported and 
enhanced simultaneously by offering musical choice where possible in conducting the 
protocols for each technique. Quantitative results demonstrate significant increases in 
velocity and stride length. In relation to mood, while statistical significance was not shown, 
effect size suggests a large reduction in anxiety after the music therapy phase. The thematic 
analysis produced from the qualitative aspects of the study provide an in-depth and emic 
description of the perceptions of participants and physiotherapists. Findings reveal that music 
therapy may enhance motivation levels and increase engagement in the rehabilitation process. 
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Further, improvements to quality of walking, as well as spatiotemporal parameters, are 
reported. These improvements relate to posture, alignment and balance. The themes also 
support the hypothesis that both physical and mood related goals can be simultaneously 
supported. Opportunities that are unique to music therapy are identified and provide a 
distinction between NMT sensorimotor techniques and physiotherapy techniques. This 
supports the idea that the combination of both music therapy and physiotherapy is greater 
than either one on its own. The research demonstrates the feasibility and added value of 
incorporating NMT practices as part of the IDT within the neurorehabilitation setting for both 
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Information for patients and family members on the Music Therapy research project to 
investigate the impact of Neurologic Music Therapy sensorimotor techniques on gait 
parameters and mood for adults and children who have an acquired brain injury. 
 
What is Neurologic Music Therapy? 
Neurologic Music Therapy (NMT) is an advanced form of music therapy that uses research-
based techniques to treat the brain using music and rhythm. It is defined as, "the therapeutic 
application of music to address cognitive, sensory, and motor function due to neurologic 
disease of the human nervous system" (Thaut, 2005).  A growing body of research 
demonstrates the benefits and importance of music therapy as part of rehabilitation treatment 
programmes.   
 
This research study: 
A research study is taking place at the NRH to assess the efficacy of Neurologic Music 
Therapy as an intervention for physical rehabilitation and mood. It aims to –  
1. Implement and trial a combination of rhythmic auditory stimulation (RAS), patterned 
sensory enhancement (PSE) and therapeutic instrumental music performance (TIMP) 
techniques of Neurologic Music Therapy, with adults and children who have had an 
acquired brain injury (ABI) to assess their impact on gait parameters. 
2. Assess the impact of the NMT techniques on mood of participants. 
3. Elicit the perceptions of participants about their experience of the treatment by 
completing a written survey after music therapy treatment. 
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The study will focus on three specific Neurologic Music Therapy sensorimotor techniques for 
physical rehabilitation, namely rhythmic auditory stimulation (RAS), patterned sensory 
enhancement (PSE) and therapeutic instrumental music performance (TIMP). 
 
RAS is a technique used to facilitate the rehabilitation of movements that are intrinsically 
biologically rhythmical, most importantly gait. RAS uses the physiological effects of auditory 
rhythm on the motor system to improve the control of movement in rehabilitation of 
functional, stable and adaptive gait patterns for people with significant gait deficits due to 
neurological impairment.  
 
PSE is a technique which uses the rhythmic, melodic, harmonic and dynamic-acoustical 
elements of music to provide temporal, spatial, and force cues for movements which reflect 
functional exercises and activities of daily living. PSE is broader in application than RAS, 
because it is (a) applied to movements that are not rhythmical by nature (e.g., most arm and 
hand movements, functional movement sequences such as dressing or sit-to-stand transfers) 
and (b) it provides more than just temporal cues.  
 
TIMP is the playing of musical instruments to exercise and stimulate functional movement 
patterns. Appropriate musical instruments are selected in a therapeutically meaningful way in 
order to emphasise range of motion, endurance, strength, functional hand movements, finger 
dexterity, and limb coordination. During TIMP, instruments are placed in different locations 
to facilitate practice of the desired functional movements. 
 
The research study will lead to a written evaluation in the form of a PhD thesis and 
presentations. The principal investigator for this project is Dr Jacinta McGelligott. Shane 
Cassidy, music therapist and PhD investigator will carry out the clinical work for this study. 
Throughout the Neurologic Music Therapy study, Shane will liaise closely with all members 
of the interdisciplinary team. The treatment will consist of three sessions per week, on a 
Tuesday, Thursday and Friday for 8 weeks. 
Clinical Records and videoing sessions: 
Where consent is given, music therapy sessions are video recorded so that the therapist can 
closely analyse the person’s responses to the musical stimulation and monitor developments 
over time. However, these video recordings are confidential and are not released to anyone 




Each participant will have an assessment phase of either two, three or four weeks, depending 
on when they are referred, before the music therapy treatment begins. During this assessment 
or baseline phase, they will carry out a weekly timed 10m walk test and a weekly mood scale. 
Following the baseline phase, participants will receive three sessions of Neurologic Music 
Therapy weekly on Tuesdays, Thursdays and Fridays. The assessment phase and treatment 
phase will continue for 8 weeks in total. During this phase, the impact of the programme will 
be assessed using a timed 10m walk test pre and post session to assess the physical impact of 
the intervention. A brief mood scale will be completed once per week to assess if there was 
any change in the mood of participants. This will be carried out in consultation with the 
psychology department. There are no existing studies that assess the impact of these 
techniques on both physical rehabilitation and mood.  
 
Why investigate the impact of Neurologic Music Therapy on the physical outcomes and 
mood for people who have had an ABI? 
Research has identified that there are several benefits for both physical and mood outcomes 
associated with NMT with people who have had an acquired brain injury (Thaut, 2014; Bradt 
et al, 2010; Magee et al., 2017). There is a growing body of research that demonstrates the 
relationship between music and the brain (Magee et al., 2017; Bradt et al., 2010; Magee, 
2009; Thaut, 2005; Blood & Zatorre, 2001). The relationship between the auditory and motor 
regions of the brain illustrates the potential for music therapy intervention to achieve physical 
goals in rehabilitation. Evidence suggests that music promotes neuroplasticity, which enables 
neuronal connections between healthy and damaged brain centres (Magee, 2009). This in turn 
helps the retraining of skills in rehabilitation. Human beings have an innate ability to entrain 
movements to music with the music acting as an external timekeeper (Zentner & Eerola, 
2010). The concept of entrainment emphasises the potential of music, not only to promote 
neuroplasticity, but also to enhance physical rehabilitation. 
 
 
Dr.  Jacinta McElligott, Consultant  
Shane Cassidy, Music Therapist and PhD Candidate (Shane.Cassidy@nrh.ie)  
Rebecca O’Connor, Senior Music Therapist 
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Re: Participation in music therapy research study 
Dear ______, 
My name is Shane Cassidy. I am a music therapist and I am currently doing a PhD study at 
the University of Limerick and the NRH. 
I have attached the details of the study: Investigating the impact of Neurologic Music Therapy 
on spatiotemporal gait parameters and mood for adults and children who have an acquired 
brain injury.  
I have spoken with your consultant and physiotherapist and you were identified as someone 
who could potentially benefit from this. I work on Tuesdays, Thursdays and Fridays. I will 
come to the ward next Tuesday morning and would be free to meet with you to discuss the 
study further, and to see if you would be interested in participating.  
Kind Regards, 



























Investigating the impact of Neurologic Music Therapy on spatiotemporal gait 
parameters and mood for adults and children who have an acquired brain injury. 
 
Please tick the appropriate answer. 
 
I confirm that I have read and understood the information leaflet dated April 2018 attached, 
and that I have had ample opportunity to ask questions all of which have been satisfactorily 
answered. YesNo 
 
I understand that my/my child’s participation in this study is entirely voluntary and that I 
may withdraw consent at any time, without giving reason, and without this decision affecting 
the future treatment or medical care. YesNo 
 
I understand that my/my child’s records may be viewed by individuals with delegated 
authority from Dr. McElligott. YesNo 
 
I understand that my/my child’s identity will remain confidential at all times. Pseudonyms 
will be used in all published material.  YesNo 
 
I give my informed consent for the doctors/researchers to have access to my/my child’s 
medical notes in the National Rehabilitation Hospital. I understand that the contents of 
my/my child’s confidential medical notes will not be disclosed to a third party.  
                                                                                               
           Yes No 
I have been given sufficient time to consider my/my child’s   
participation in this study.            YesNo 
 
I understand that my/my child’s health care records will be viewed by researcher, 
Shane Cassidy. 
           YesNo 
 







FUTURE USE OF ANONYMOUS DATA:   
 
I agree that I will not restrict the use to which the results of this study may be put. I give my 
approval that unidentifiable data concerning me/my child may be stored or electronically 
processed for the purpose of scientific research and may be used in related or other studies in 
the future. (This would be subject to approval by an independent body, which safeguards the 
welfare and rights of people in biomedical research studies - the National Rehabilitation 




Name of Patient ___________________  Date of Birth __________ 
 
  
Legal Guardian ____________________ _____________________ 
(of children)          Signature and dated Name in block capitals 
 
 
To be completed by the Principal Investigator.  
 
I the undersigned have taken the time to fully explain to the above patient’s relatives, or legal 
guardians, the nature and purpose of this study in a manner that he/she could understand. I 
have explained the risks involved, as well as the possible benefits and have invited him/her to 
ask questions on any aspect of the study that concerned them. 
 
I have obtained written consent from the subject (subject’s legally authorised 




________________ _____________________ ____________ 





















I am willing to take part in the project entitled “Investigating the impact of neurologic music 
therapy on spatiotemporal gait parameters and mood for adults and children who have an 
acquired brain injury.” 
• I have been told about the project 
• I understand what the project is about 
• I have been told what I will be doing 
• I understand what I will be doing 
• I understand that I may be video recorded, and I agree to this. However, if I feel 
uncomfortable at any time, I know I can ask for the recording to stop 
• I understand that I am entitled to copies of all recordings made 
•  I understand what will happen to the recordings once the project is complete 
• I understand that I do not have to take part in this project 
• I understand that I can stop taking part at any time, and that I do not have to explain why I 
want to stop 
• I understand that as far as possible no one outside the project will know I took part 
• I understand no one outside the project will be given personal information about me 
 
 
______________________________________         __________________________ 















MUSIC THERAPY RESEARCH STUDY: CONSENT FORM TO VIDEO RECORD 
MUSIC THERAPY SESSIONS 
Study Title: 
Investigating the impact of Neurologic Music Therapy on spatiotemporal gait 
parameters and mood for adult and paediatric patients who have an acquired brain 
injury. 
 
For the purposes of assessment, video recording sessions is very helpful in order to analyse and 
assess participant’s responses and behaviours correctly. It is also very useful to use the videos 
to collate a record of the specific music used in the sessions as well as to inform treatment 
plans.  The video recordings also provide data to observe and monitor changes in participants 
by comparing pre-rehabilitation video data, completed on admission, and post-rehabilitation 
video data, completed at the end of a participants’ rehabilitation before discharge, which is an 
important aspect of this study.  
In order to protect the confidentiality of participants, no names will be used. Individual 
participants’ data will be stored under reference numbers which will be known only to the 
researchers. The video recordings will be stored in a locked filing cabinet in the locked music 
therapy office at the NRH.  Any videos stored on a computer will be stored on the password 
protected music therapy computer, which is in a locked office.  If for the purposes of 
presentations, the video extracts will need to be taken out of the room on a NRH laptop, this 
laptop will be password protected and encrypted. Following the presentation, the videos will 
be deleted from the laptop. For the purposes of this research project, all data will be stored as 
per NRH standards, protocols and guidelines. 
On the consent form below there are three levels of consent.  The level of consent requested 
for this project is the third level of consent, level (C) where video recordings may be used for 
publication in a journal, textbook, as part of presentations, a display or information leaflet. 
Once images and data are released for open publication they cannot effectively be withdrawn 
from circulation. Your choice of consent level will not affect your treatment within this hospital 
in any way as participants without consent to video may still take part in the study.  
 
If you do not understand any of the below, please ask. If, in the future you wish to withdraw 
this consent, you have the right to do so at any time by writing to the Medical Consultant in 





To be filled out by participant: 
Under no circumstances should you feel obliged to give your consent if you do not wish 
to do so. 
 
A) Consent Level 1: Case Notes Only 
I understand that the video recordings requested here, to which I have agreed, will form part 
of my confidential medical record only and used as part of my treatment. 
Signature .......................... Date .........................................  
Name of participant ……………… MRN .................................... 
Name of signatory (if different) ..................Status: guardian/NOK/other 
B) Consent Level 2: Research/Teaching 
I also understand that the video recordings requested here may be useful for the purposes of 
medical teaching and research within the hospital and in view of the explanation given to me 
as per Information Leaflet, I agree that the video recordings may be shown to appropriate 
professional staff working within the hospital and students to facilitate medical/professional 
teaching. This will include a physiotherapist who will undertake video analysis of the timed 
10m walk test in the first and last week of the intervention to assess changes in gait 
parameters. In this case, all footage will be less than 5 minutes in length.  
Signature .......................... Date .........................................  
Name of participant ……………… MRN .................................... 
Name of signatory (if different) ..................Status: guardian/NOK/other 
C) Consent Type 3: Publication 
I understand that the video recordings requested here may be used for publication in a 
journal, textbook, as part of presentations, a display or information leaflet, which may be seen 
by members of the general public as well as medical professionals. In this case, all video 
footage will be less than 5 minutes in length. I understand that once these images are released 
for open publication they cannot effectively be withdrawn from circulation. To this I give my 
consent. 
Signature ............................... Date ........................................... 
Name of participant…………………..MRN .......................................... 






Appendix F: G-Walk Information 
 









































Appendix G: G-Walk Hygiene Protocol 
 
Method Statement for Cleaning Medical Devices: G-sensor2 device 
 
• For single patient use 
 
Equipment and Materials Required 
• Disposable Gloves 
• Sani-Cloth Detergent Wipes 
• Clean work area 
• Warning signs 
• Bucket 
• Microfibre cloths–blue 
• White microfiber cloths for CP 
 
Advice has been sought from the NRH ICT department who recommend the following 
cleaning method to be completed after each patient use 
 
Method: 
1. Wash hands and put on gloves 
2. Identify a suitable area for cleaning, designated cleaning table in music therapy room 
3. Clean working area by wiping down surface 
4. Wipe down the device using a sani-cloth wipe 
5. Wipe the device starting at top and working downwards.   
6. Place device on a clean area of the work surface 
7. Allow to dry  
8. Remove gloves and dispose as healthcare non-risk waste and wash hands 
9. Identify the equipment as clean with decontamination label where appropriate or 
alternatively log/record the date of cleaning 
10. Equipment should be checked, stored safely and tidily in a secure storage area, segregated 
according to colour-coding where appropriate   
 
Infection Control Notes 
Where patients are nursed using Transmission Based Precautions, additional PPE and a 
disinfectant Sani-tech wipe will be required for this task.  
 
Clean after each use and fully clean every 2 weeks 
Use cotton bud if required to clean hard to reach areas 
 
Clean with Actichlor plus 1/10,000 using a microfiber cloth which has had moisture wrung 
from it.  Leave for 5 minutes the rinse with clear water 
 









Appendix H: Hospital Anxiety and Depression Scale (HADS) 





























Total Score: Depression (D)_____ Anxiety (A)_____ 
0-7=Normal 




D A  D A  
  I feel tense or 'wound up':   I feel as if I am slowed down: 
 3 Most of the time 3  Nearly all the time 
 2 A lot of the time 2  Very often 
 1 From time to time, occasionally 1  Sometimes 
 0 Not at all 0  Not at all 
      
  I still enjoy the things I used to 
enjoy: 
  I get a sort of frightened feeling like 
'butterflies' in the stomach: 
0  Definitely as much  0 Not at all 
1  Not quite so much  1 Occasionally 
2  Only a little  2 Quite Often 
3  Hardly at all  3 Very Often 
      
  I get a sort of frightened feeling as if 
something awful is about to 
happen: 
   
I have lost interest in my appearance: 
 3 Very definitely and quite badly 3  Definitely 
 2 Yes, but not too badly 2  I don't take as much care as I should 
 1 A little, but it doesn't worry me 1  I may not take quite as much care 
 0 Not at all 0  I take just as much care as ever 
      
  I can laugh and see the funny side 
of things: 
  I feel restless as I have to be on the 
move: 
0  As much as I always could  3 Very much indeed 
1  Not quite so much now  2 Quite a lot 
2  Definitely not so much now  1 Not very much 
3  Not at all  0 Not at all 
  Worrying thoughts go through my 
mind: 
  I look forward with enjoyment to 
things: 
 3 A great deal of the time 0  As much as I ever did 
 2 A lot of the time 1  Rather less than I used to 
 1 From time to time, but not too often 2  Definitely less than I used to 
 0 Only occasionally 3  Hardly at all 
      
  I feel cheerful:   I get sudden feelings of panic: 
3  Not at all  3 Very often indeed 
2  Not often  2 Quite often 
1  Sometimes  1 Not very often 
0  Most of the time  0 Not at all 
      
  I can sit at ease and feel relaxed:   I can enjoy a good book or radio or TV 
program: 
 0 Definitely 0  Often 
 1 Usually 1  Sometimes 
 2 Not Often 2  Not often 




Appendix I: Short Mood and Feelings Questionnaire (SMFQ) 
 
 Short Mood and Feelings Questionnaire 
This form is about how you might have been feeling or acting recently. 
 
For each question, please check how much you have felt or acted this way in the past two weeks. 
 
If a sentence was true about you most of the time, check TRUE. 
If it was only sometimes true, check SOMETIMES. 
If a sentence was not true about you, check NOT TRUE. 
 
Copyright Adrian Angold & Elizabeth J. Costerllo, 1987; Developed Epidemiology Program, Duke University 





















Investigating the impact of Neurologic Music Therapy on spatiotemporal gait 
parameters and mood for adults and children who have an acquired brain injury. 
Your feedback in relation to your experience of participating in the study would be gratefully 
received.  
Please circle the most suitable response for each question. Where boxes are provided, you are 
welcome to add comments and feedback.  
 
1. I am: 
 
 
 Male   Female  Other   
  




Very Poor  Poor  Fair  Good  Very Good 
 
3. Are there ways in which you think participating in this music therapy research study 
was beneficial for your health? 
 
Yes    No   Don’t Know 
 





4. Did participating in this music therapy research study have a positive impact on your 
feelings or emotions?  
 
Yes   No   Don’t Know 
  
Please explain briefly in the space below.  
 
 
5. I feel that this music therapy treatment could be improved. 
 
Yes   No   Don’t Know 
 
If you answered YES, you are welcome to suggest ways in which you feel it could be 




6. My overall experience of taking part in this music therapy research study was: 
 
 
Very Poor  Poor  Fair  Good  Very Good 
 
7. I would recommend this music therapy treatment to others 
 




8. Please add any further comments in relation to participating in this music therapy 
research study.  
 
 

























Appendix K: Sample PSE Exercises 
 
Sample 1 
Target Movement: Hip Flexion 
Participant marches, raising each leg up and down bending their knees. The music, 
played on piano, punctuates each heel strike within the movement. An appropriate tempo that 
suits each person’s ability is obtained using a metronome. Dynamics accentuate the phases of 
the movement while spatial cues emphasise the size of the movement. 
Sample 2 
Target Movement: Propulsion 
Participant drives or pushes forward in a standing position, pushing on tiptoes. The 
music resolves when standing normally but uses an anticipatory chord such as dominant-
seventh while participant is pushing on tiptoes. An appropriate tempo is obtained using a 
metronome, while dynamics along with the anticipatory chords, emphasises the more difficult 
part of the movement. Spatially, the music consists of a relatively small range, to reflect the 
small movement. The piano playing is smooth and legato to support a smoother movement 
trajectory.  
Sample 3 
Target Movement: Pelvic tilt/trunk extension 
Participant is in a sitting position and slouches forward in the chair before moving 
back to upright seated position to improve postural alignment. Musically, the pitch and the 
melodic curve guides the trajectory of the movement while a tempo that is appropriate for 
each person’s ability is selected using a metronome. Dissonance is used to reflect the more 
















Appendix L: Sample TIMP Exercises 
 
Sample 1 
Trunk Rotation in Standing Position  
Two congas are placed at either side of the participant. Standing between the two 
congas, the participant crosses the midline of the body, striking the drum on their left with a 
mallet in their right hand and the drum on their right with a mallet their left hand.  
The participant selects a familiar song, which is then played on piano and sung. The 
tempo is dictated by the movement and is guided by the metronome. Music is played legato 
in order to facilitate a smoother trajectory of the rotation.  
Sample 2 
Mini Squats 
Timpani are placed in front of the participant. Standing behind the timpani, the 
participant, with one mallet held in each hand, bends their knees to strike the drum before 
stretching back to upright position. The knee flexion and extension support the strengthening 
of the upper legs. A familiar song is played and sung during the exercise.  
Sample 3 
Seated Weight-Shifting/Stretching Trunk/Shoulder Extension 
The participant is sitting on a chair with two cymbals placed in front and above, one 
to the left and one to the right. From a seated position, the participant strikes the left cymbal 
with their right hand and left cymbal with right hand. This provides the opportunity to 
practice weight-shifting, trunk stretching, extension of the shoulder and elbow. A familiar 
















Appendix M: Changes in Velocity Pre/Post Music Therapy Sessions 
 
Change in Velocity Pre/Post Session Week 1 
 









Change in Velocity Pre/Post Session Week 3 
 
 








Appendix N: Changes in Cadence Pre/Post Music Therapy Sessions 
 
Change in Cadence Pre/Post Session Week 1 
 
 








Change in Cadence Pre/Post Session Week 3 
 
 









Appendix O: Changes in Stride Length Pre/Post Music Therapy Sessions 
 
 
Change in Stride Length Pre/Post Session Week 1 
 
 








Change in Stride Length Pre/Post Session Week 3 
 
 



















































Appendix R: Sample of Video Analysis Transcript 
 
Video clip 2 shows paediatric participant practising PSE using a familiar song to 
practice balancing and being in a standing position. 
 
A: You could see that motivation at the very beginning. It was funny because at the very 
beginning you can see her start to move and she moved her right hand which she hadn't 
moved while she was walking. Her right arm never moved during the walking. OK the physio 
had moved her position but she spontaneously moved her right arm. It's the dancing, the 
movement with the music. And when the physio let's go of her arm afterwards, she 
immediately does a lovely natural movement with it. Look at that. It's lovely. And then she 
stops again and that's well, who knows why. Things are never that straight forward but the 
fact that it was so spontaneous like that is really good. Looking at her balance she is on a very 
narrow base there which is a very difficult place to be. If she had a slightly wider stance for 
doing those movements, she probably would be able to do those big body movements even 
more. They're really nice. Music makes you really want to do this doesn’t it? It’s that sway 
music.  
Clip 6 shows a participant engaging in PSE practising propulsion 
 
A: Ah yes propulsion, which is really good because this is a really important part of walking. 
I think the best thing about this is how reluctant this person was to think that it had anything 
to offer him. And yet here he is very actively involved. If he felt it was of no value, he would 
not have done it.   
A: And yet he is very clearly responding to the music for someone who claimed not to be 
interested in music. I don't do music. I don't listen to music. I am not musical. And yet he is 
so clearly in absolute timing with the music.  
A: If we had the opportunity to do more joint sessions we could have refined this and have 
him more vertical while practicing his propulsion and less coming forward in the movement 
but again that just shows how important the combination of both music therapy and physio is, 
not all the time but at certain time points having joint sessions. Because how would we know 
that and how would I know that he was doing this to music unless we linked in more? And I 
think that is one of the key things is that it is not an ‘instead of’ but it is an ‘as well as.’  
It has something to offer so many people in terms of changing movement.  
Clips 9 shows one of the participants engaging in TIMP to a familiar song 
 
A: I like that where he is rotating to play drums placed on either side. I like that because he 
has that little bit of bounce in his legs and that requires those kinds of movements where you 
are getting that little rhythmical bouncing. They are hard to fake, and they require that change 
in direction and a fairly rapid change of direction, so it has to be automatic. It is very hard to 
cognitively do that. So, you can see when he started, his right heel with coming up and lifting 
now it's not. You can see it is now settled and no longer lifting. You've got the rotation and 
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you've got the twist. you can see the heel movement whether he's tapping it or not but it does 
eventually stop.  
B: It's as if he has stopped loading it. He has more of a load through the left side.  
A: And the other nice thing about that is that it is actually more challenging because you are 
doing a number of things at the same time. And so often in physio or in movement, we are 
very linear and we do things in straight plains. You might walk forward or you might walk 
backwards, but to bring in flexion of the knees, rotation of the trunk and alternating arm 
movements? It is combining things so you can take that and say actually that's like loading 
your washing machine, loading or unloading your dishwasher. So you can take those 
sequences of movements in that combination and translate them into functional activities. 
They are the things that a lot of people will struggle with because they are combined 
movements that we don't or are less likely to practice these different combined movements 
with legs going one way, arms going the other and yet in daily activities that's what we do all 
the time. And you build up your repertoire of available movements. So those kinds of things 
are good.  
Video clip 11 shows a participant with a 4-week baseline period pre and post music 
therapy treatment phase 
 
A: Wow, well that is slow. It is fascinating when you see it and you initially think it is great 
because someone is walking but it is so, so slow. Well that looks better for a start. Wow that 
is a big change.  
B: I see much better alignment where the stick is being placed.  
A: Yes, and the rhythm. The rhythmicity of it is way better.  
B: It looks more automatic as opposed to a cognitive walking. 
A: Yes, that's a huge change. Let's watch them side-by-side. 
A: And he would have had four weeks of rehabilitation before this 
A: Well that is a very dramatic change in terms of the rhythm and the automatic nature of his 
walking, the balance, his verticality. In the 1st video it is as if he has 3 legs: his stick is his 
right leg; his right leg is his left leg; and then he has this 3rd leg, his left left leg. But that 
stick is an essential part of his walking and look at how effortful that lift of the left left leg is 
and see the angle of his right leg to his body when he is standing on it and his own left side is 
hardly involved in the movement at all. Whereas on the 2nd video, look how vertical he is.  
His arm is much freer, his hand and stick are moving with the leg so it is much more natural. 
In fact, he looks like he could well do without that stick in the post video if he can go at that 
speed.  
B: The stick may be his security blanket if it has changed so much in such a short space of 




Appendix S: Sample of Initial Coding Process 
 
Transcription Excerpt  Initial Codes 
A: I think the challenge of arm swing is that 
they are largely determined by what is 
happening elsewhere. The arm has to be free 
to swing and it has to have the activity in 
the right muscles to swing. It is active but it 
doesn’t need that much activity. The legs 
should drive the arms. You need the trunk, 
you need the shoulder girdle, you need that 
rhythmicity. Again, it is the rhythm. You 
need that change of counter rotation and 
your trunk to improve your arm swing. And 
sometimes driving it from the arm can block 
something else because you are trying to 
move something that doesn’t swing 
naturally.  
B: And does it become different? Does it 
become a bit more cognitive if you are 
trying to swing? You wouldn’t be thinking 
about your arm swing. It should be 
automatic.  
A: I like that where he is rotating to play 









• Arm swing is controlled by many 
elements, including rhythmicity, 




• While rhythm assists with arm 
swing, using instruments to promote 
it may be counter-productive, losing 
the automatic nature of the 
movement.  
 
• Playing musical instruments provide 
unique and challenging opportunities 
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Transcription Excerpt  Initial Codes 
because he has that little bit of bounce in his 
legs and that requires those kinds of 
movements where you are getting that little 
rhythmical bouncing. They are hard to fake, 
and they require that change in direction and 
a fairly rapid change of direction, so it has 
to be automatic. It is very hard to 
cognitively do that. So, you can see when he 
started, his right heel with coming up and 
lifting now it’s not. You can see it is now 
settled and no longer lifting. You’ve got the 
rotation and you’ve got the twist. You can 
see the heel movement whether he’s tapping 
it or not but it does eventually stop.  
B: It’s as if he has stopped loading it. He 
has more of a load through the left side.  
A: And the other nice thing about that is that 
it is actually more challenging because you 
are doing a number of things at the same 
time. And so often in physio or in 
movement, we are very linear and we do 
things in straight plains. You might walk 
forward or you might walk backwards, but 
to bring in flexion of the knees, rotation of 
to practice sequences of movements 

















• Playing instruments can challenge 
people in ways not possible in 
traditional physiotherapy, resulting 





Transcription Excerpt  Initial Codes 
the trunk and alternating arm movements? It 
is combining things so you can take that and 
say actually that’s like loading your 
washing machine, loading or unloading 
your dishwasher. So you can take those 
sequences of movements in that 
combination and translate them into 
functional activities. They are the things that 
a lot of people will struggle with because 
they are combined movements that we don’t 
or are less likely to practice these different 
combined movements with legs going one 
way, arms going the other and yet in daily 
activities that’s what we do all the time. 
And you build up your repertoire of 
available movements. So those kinds of 
things are good.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
